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ABSTRACT
Malariakillsover3,000peopleeachday —mostlyinsub -SaharanAfrica —andre mainsthe
world’snumberonekillerofchildrenunderfive.Whileeffortstocombatthediseasewere
largelysuccessfulinpastdecades,eradicationhassincestalledastheparasite(andits
mosquitovector)haveretreatedtothecoretropicsandbecome increasinglyresistantto
pesticidesandanti -malarialdrugs.
Thisstudyseekstodeterminewhatotherfactorsaresignificantinproducinghighmalaria
rates,and,basedonthoseresults,toofferpolicysuggestionsthatmayprovidealternativesto
the “traditional”methodsofcombatingmalaria.Theprojectusescross -countrymodelsand
individualcountrymodelsofmalariaoutputtoanalyzecountryindicatordataandhousehold
surveydatafromaroundtheworld.Empiricalanalysisrevealsthatforeigna idflowsmaybe
lesssignificantinreducingmalariaoutputsthanoriginallysuspected.Furthermore,thedata
suggeststhatotherfactorssuchaspoliticalstability,accesstogoodsandservices,andthe
useofbednetsperhapsdemandgreaterattentionth antheycurrentlyreceive.
THE ECONOMICS
OF
LIFE AND DEATH
“Thisisanunacceptablesituationonourplanet.”
– Jeffrey Sachs, April 2002
To the thousands who die each day in Africa, and the thousands 
more who fight to save them.
PART  I
4INTRODUCTION
TheQuestion
IfpeopleintheUnitedStateswereaskedtolistthediseasesandailmentsthatmost
concernorworrythem,itisunlikelythatmalariawouldbeatthetop,oranywherenearthe
top.Itispossible,infact, thatmalariawouldnotevenmakethelist,andforgoodreason.
Thosewholiveinmostoftheindustrializednationsoftheworld,outsideofthetropicsand
awayfromthejungle,donothavetoworryaboutmalaria.Unless,thatis,theydecideto
travel toplaceslikesub -SaharanAfrica,wheremalariaisarguablythebiggestproblem —the
greatestscourgeinpeople’slives.
Whatisinteresting,however,isthatthemalariaproblemisnotsimplyamatterof
geography.ItiscertainlynotthecasethattheU nitedStatesorEuropehasneversufferedits
ownmalariaepidemics.(Abriefhistoryofthediseasecanbefoundbelow.)What is trueis
that,somewhereduringthetwentiethcentury,manyindustrializedcountries,throughnew
drugsandincreasedknowledge ,foundwaystocombatthedisease,andmadeitathingof
thepast.
Butitisnotathingofthepastformany.Infact,malariaremainstheworld’snumber
onekiller.Andwhiledevelopednationssendbillionsofdollarseachyearinaidtomalarial -
endemiccountries,eradicationeffortshavestalled.Inmanyways,theblightofmalariahas
beenovershadowedbyotherthings,suchasthemorerecentAIDSepidemic —anissuewith
whichdevelopednationsseemmuchmoreconcerned.Today,eradicationofmalaria is
treatedasimpossible;alleffortsfocusonsubstantialreduction 1.Yetevenreductionseems
verydifficulttoachieve.Therecentlyformed“RollBackMalaria”(RBM)campaignis
evidenceofthis.TheRollBackinitiativeisapartnershipofeverymajor international
1
Infact,thegoalofthemultilateral“RollBa ckMalaria”initiativeistohalvetheworld’smalariaburdenby
2010.Fouryearsintotheprogram,itappearsunlikelythatRBMwillreachthattarget.
5organization,aswellasNGOsandgovernmentagencies;itisanattempttopoolresources —
money,knowledge,personnel —tofightadiseasethat,inothertimesandotherplaces,has
seemedsoeasytodefeat.Thequestion,then,issimple:why?
CanHistoryRepeatItself?
Perhapsasenseofhistoryishelpful. 2Whileseenasprimarilyatropicaldisease
today,itiswidelybelievedthatEuropeansettlersaretoblameformalaria’sintroduction
intoNorthandSouthAmerica.Nearthesametimeho wever,JesuitmissionariesinSouth
Americadiscoveredtheanti -malarialpropertiesoftheCinchonatree’sbark.Bythemid -
1600s,thebarkwasinwideuseinEurope.Twohundredyearslater,itwouldbediscovered
thatquinineistheactiveingredientin themedicinaltree.
MalariawasprevalentinNorthAmericafromthe1700srightuptothetwentieth
century.OneofthefirstmilitaryexpendituresoftheContinentalCongressin1775wasfor
$300tobuymedicinetotreatmalariainGen.GeorgeWashington ’stroops.Anoutbreakof
malariawasreportedasfarnorthasOttawain1828,andduringtheCivilWar,50%ofwhite
soldiersand80%ofblacksoldierswereinfectedwithmalariaeachyear.
Itwasnotuntilthelate1800sthatthemalariaparasitewasfi rstseenundera
microscope.Thisdiscoveryledtomuchdiscussionaboutthetransmissionofthedisease.In
1898,manypeople’ssuspicionswereconfirmed,whenthemalariaparasitewastracked
throughamosquito,andtheinsectwasidentifiedasthevecto rforthemalariaparasite.
TheCentersforDiseaseControlandPreventionreportedover600,000casesof
malariaintheUnitedStatesaslateas1914,andbyWorldWarII,asearchforanewdrugto
treatthediseasewasbeguninearnest,assuppliesof naturalquinineranlow.Eventually,
2
Aninteresting,ifnotuplifting,sourceofinformationonthehistoryofmalariaisRobertDesowitz ’sbook The
MalariaCapers:MoreTalesofParasitesandPeople,ResearchandReality (1991,W.W.Norton&Co.)
6thisledtothedevelopmentoftwodrugs,mefloquine(thesyntheticversionofquinine)and
chloroquine(anothersyntheticdrug).Uptothepresentday,thesetwoanti -malarialshave
beenthemostwidelyprescribedtrea tmentforthedisease(seeinformationonthemalaria
life-cycle,below).
Withtheknowledgethatmosquitoesactasvectorsformalaria,neweffortsto
combatthediseasebecamepossible.Mostdevelopednationswereabletoessentially
eradicatethedisea seviaafour -prongedapproach:(1)theuseofanti -malarialdrugs,(2)
drainageofstandingwatertoeliminatemosquitobreedinggrounds,(3)liberalsprayingof
insecticidessuchasDDT,and(4)improvementsinthescreeningofhomestoprevent
mosquitoesfromenteringlivingspaces.Currenteffortstocombatthediseasestillcenter
aroundthesefourbasic“traditional”tactics.Suchastrategyinvolvesattackingboththe
parasite(anti -malarialdrugs)aswellasthevector(insecticides,drainage,ands creening).
Unfortunately,itappearsthatmanystrainsofthemalariaparasitehavebecome
highly(orcompletely)resistanttochloroquineandmefloquine.Inaddition,theWorld
HealthOrganizationconductedwide -rangingstudiesandexperimentsduringth e1950sand
1960stestingtheeffectivenessofDDTonmosquitopopulations,andthus,therateatwhich
malariawasspread.Inmanycases,mosquitopopulationsandmalariaratesdropped
significantlyduringtheyearsofspraying,howeverdiscontinuationof theexperiments
resultedintheeventualresurgenceofmosquitopopulations.Furthermore,morerecent
concernsaboutpesticides’detrimentaleffectsontheenvironmenthaveledtoanumberof
governmentrestrictionsontheuseofDDT.Finally,manyspecie sofmosquitohavebecome
extremelyresistanttoconventionalpesticidesinrecentyears.
Allofthishasledonceagaintoasearchfornewweaponstocombatmalaria.
Between1955and1970,theUnitedStatesAgencyforInternationalDevelopment(USAID)
7alonegaveover$1billiontotheWorldHealthOrganizationforresearchintomalaria.
Today,mostoftheresearcheffortsaregearedtowarddevelopingavaccineforthedisease —
anaccomplishmentthatstillseemsmanyyearsinthemaking.Perhapsthemostr ecentand
excitingnewscamein2002,asthemalariagenomewasfinallyentirelydecoded.
Researchershopethiswillopennewdoorstofindingcuresforthedisease,andashiftin
focusseemstobeunderway,aseffortsarenowdirectedmoretowardcombati ngthemalaria
parasiteitself,ratherthankillingthemosquitoesthatcarryit.Itremainstobeseenwhether
historywillrepeatitself,andmalariawillbeeradicatedfromendemiccountries,asitwas
yearsagointheUnitedStatesandelsewhere.
TheProblem
Butjustbecauseeradicationandnewknowledgeaboutmalariaremainsbeyondthe
horizon,itisnotthecasethatthecurrentmalariaproblemisoneaboutwhichnothingcan
(orshould)bedone.Atthe2002HarvardInternationalDevelopmentConfere nce,famed
economistJeffreySachsproclaimedtheextentofthemalariaproblemtobe“an
unacceptablesituationonourplanet.”Asmentionedabove,malariaistheworld’snumber
onekiller.Conservativeestimatesplacethedeathtollfromthediseaseata bout3,000per
day,morethanonemillioneachyear.However,recentnumbersplacethemalariaburdenas
highas7,000deathseachday,andmorethan2.7millioneachyear.Whatisperhapsmost
upsettingisthatthevastmajorityofthesedeathsoccurinp regnantwomenandinchildren
undertheageoffive.Infact,malariaistheleadingcauseofdeathinyoungchildreninsub -
SaharanAfrica.Geographically,fully90%ofmalariacasesanddeathsoccurinAfrica,
southoftheSaharadesert.
8Itisestimated thatmalariacauseswellover300,000,000casesofacuteillnesseach
year.Allofthisaddsuptoseriousconsequencesonmanyfronts.Firstandforemost,the
deathtollissimplytoolargetocomprehend.Second,suchadiseaseburdenmakesfordire
economicresults.RollBackMalariacalculatesthatmalariacostsAfrica$12billion(USD)
annually,andthatthecontinentsuffersa1.3%growthpenaltyperyearasaresultofthe
disease.Whilejustoveronepercentdoesnotseemmuch,economistsappreciate thepower
ofmarginalchanges.Hadmalariabeeneradicatedin1960,Africa’sGDPtodaywouldbe
32%higherthanitispresently.Thisdoesnotevenmentionthelossinpotentialhuman
capitalthatcomesfromsuchearlydeaths.Finally,macroeconomicstati sticsdonotcapture
theburdenofthediseaseonthehouseholdlevel,wheremalariaisnotonlyafinancialdrain,
butanemotionaloneaswell.
Unacceptableindeed.Unacceptablebecause,atpresent,theremaybelow -cost
measuresavailabletousthatha vethepotentialtogreatlyreducethestrainthatmalaria
placesuponpeople.Fromlow -costanti -malarialdrugs,totheuseofbednets,tosimple
effortsateducatingpeopleaboutthedisease,malariaisnotadiseasetobefoughtonlyinthe
laboratory. Manysuggestthat,byasimpleincreaseinfundingfromdonornationsand
organizations,arenewedeffortatreducingthemalariaburdencanbesuccessful. 3With
manyNGOsandinternationalorganizationsworkingonthegroundinmalarial -endemic
countries,thequestionbegsitselfagain.Whatarethespecificconditionsandobstaclesin
thesecountriesthatarepreventingsignificantreductionsintheincidenceofmalaria?And
moreimportantly,iftraditionaldrugsandpesticideshavebecomeineffective,w hatnew
methodsmightbeeffectivelyemployedintheworld’ssecondgreatattackonmalaria?In
responsetothesequestions,thisprojectproposessomehypotheses.Manyofthese
3
MoreaboutfundingisfoundinadiscussionofhypothesesinPartII.
9hypothesesarebaseduponmorespecificinformationaboutthemalariaparasite ,itsvector,
andtheirlifecycles.
TheBiologyofLifeandDeath
Adigressionismostappropriateheretodiscusssomespecificsandtoanswersome
commonquestions.Whilethemosquitooftengetsmuchoftheblameforthedisease,itis
themalariapa rasitethatisthetrueculprit.Theparasitecomesinavarietyofstrains,some
ofwhicharemorelethalthanothers.Themost(in)famousformofthemalariaparasiteis
plasmodiumfalciparum .Itisalsothemostdeadly,andisfoundwidelyinthemalari al-
endemiccountriesofsub -SaharanAfrica.Eachstrainofmalariaproducesaslightlydifferent
patternofsymptoms.Infact,around500B.C.,Hypocritesclassifiedthefeverfrommalaria
intothreecategories:“quotidian”(daily),“tertian”(alternateda ys)and“quartan”(every
fourthday).
Whenahumanisinfectedwithmalaria,theparasiteheadsdirectlytotheliver.
There,itincubatesforanumberofdays,maturingandreproducing.Eventually,theparasite
leavestheliverandentersthebloodstream .Onceintheblood,theparasiteinvadesredblood
cells,whichitusestofurthermultiplyitself.Thisinevitablylyses(burstsopen)thered
bloodcells,releasingnewparasitesthatheadtothelivertorepeattheprocess.This
alternatingprocessof incubationandinvasioniswhatcausestheon -and-offfeversof
malaria.Symptomsoccurduringthedestructionofcellsinthebloodstream,andsubside
duringperiodsofincubation.
Notethat,althoughmanytropicalailmentsarecarriedbymosquitoes,the symptoms
andlife -cycleofmalariaarenottobeconfusedwithdiseasessuchasDenguefeverorthe
WestNilevirus.Dengueisusuallylessseriousthanmalaria,butcanbecomeincreasingly
10
moreseriousaftermultipleinfections.TheWestNilevirus,ont heotherhand,canonly
infectahumanonce.WestNilealsotargetsmostlytheelderlyandthosewithweakimmune
systems.Malariaisalmostalwaysfairlyserious,andcanbeacquiredmultipletimes.
Furthermore,regardlessofage,italmostalwayscauses acuteillness.
Anotherimportantdifferenceinmalariaisthelackofathirdpartyvector.
Transmissionofthediseaseoccursfrommosquitotohumanandfromhumantomosquito.
Thus,thereisnootherpestsupplyingtheparasitetomosquitoes. 4Suchaf actleadstothe
somewhathopefulconclusionthat,conceivably,humanshaveagreatabilitytointerruptthe
deadlycycleonourendbypreventingbites.
Asmentionedabove,anti -malarialdrugshavehistoricallybeenquiteeffectivein
beatingthedisease .Infact,suchdrugsdonopreventinfection,butsimplykilltheparasite
soonafteritinfectsthehuman.Inaddition,itshouldbenotedthatsomedegreeofresistance
orpartialimmunitycanbeacquiredifonesuffersfrom(andsurvivesthrough)ane pisodeof
malariaatanearlyage. 5Finally,thegeneticdispositionforsicklecellanemiaismostlikely
anevolutionaryadaptationforfightingmalaria.Thosebearingthesicklecellgeneharbora
degreeofresistancetomalaria.
Thelifecycleofthe mosquitoiscertainlybetterknownthanthatoftheparasiteit
carries.Thereare,however,afewimportantfactstomentioninrelationtocombating
malaria.Theprimaryvectorforthemalariaparasiteisaspeciesofmosquitoknownas
anophelesgambiae .Whilemosquitoesbreedinstandingwater,speciessuchas gambiaedo
notneedmuch.Infact,ahoofprintfullofwatercanbeenoughtosustainaninfectious
populationofmosquitoes.Mosquitoesgenerallybiteasdusk,anditisonlyfemalesthatbite
4
OnewillrecallrecentoutbreaksoftheWestNilevirusintheUnitedS tates,inwhichitwasdiscoveredthat
birdsandotheranimalscanpassthediseasealong.Thus,whileasuspiciousdeadbirdinyourbackyardwasa
goodwarningsign,controllingthevirusbecameabitmorecomplicated.
5
Anobviousethicalquestionisth enraisedaboutwhetherornotitiswisetoallowacertainpopulationtobe
exposedtothedisease,inthehopesthattheywilldevelopresistance.
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humansforameal.Inmostspeciesofmosquitoes,bitingisimmediatelyfollowedbya
periodofrestingtoallowfordigestion.Whenusedproperly,thepesticideDDT
(dichlorodiphenyltrichloroethane)iseffectiveininterruptingthiscycle.DDTismeanttobe
appliedtotheinsidesurfaceofdwellingspaces,asopposedtobeingsprayedintotheair
outside.WhenamosquitorestsonaDDT -treatedwall,itwilldie.Asimilarseriesofevents
occursintheuseofinsecticide -treatedbednets.Thenets,whichare generallyusedfor
sleeping,areusuallydippedinpermethrin,anotherlethalinsecticide.Thus,whenthe
mosquitolandsonthenetinanattempttogetatahuman,itwillbekilled.Other
insecticidesarenotlethal,butactsimplyasanirritanttothe mosquito.Onepopularexample
ofthisis“deet”( N,N -diethyl-m-toluamide),theactiveingredientfoundinover -the-counter
insectrepellants.
Acomplicationthatdeservesmentioningistheexistenceofspeciesofmosquitoes
thatdonotfollowtheabovep attern.Certainmosquitoesdonotenterlivingspaces,nordo
theyrestimmediatelyafterbiting.Sincetheyremainoutdoorsandconstantlymoving,these
mosquitoesare,insomeways,moredifficulttohandle.Inotherways,however,theyare
moreeasilya voidedbyremainingindoors.
Thebiologyoflifeanddeathisimportanttoourunderstandingofmalaria.Itnot
onlyhelpsconceptualizetheproblem,butalsoassistsindevelopinghypothesesaboutthe
significantobstaclestoanti -malariaefforts.Ultimat ely,theymayleadtonewideasabout
howbesttofightthedisease.
Thispaperisorganizedasfollows.PartIIdiscussesatheoreticalapproachtothe
problembydescribingvarioushypotheseslinkingmalariatoavarietyoffactorsonthe
macroandm icrolevel,andbyexplaininggeneraltheoreticalmodels.PartsIIIandIV
12
describethedatabeingusedandtesttheserelationshipsthroughcross -countryandintra -
countryempiricalwork,respectively.SectionVpresentsconclusionsandpolicy
implicationsoftheresults.
PART  II
14
THEORETICAL CONSIDERATIONS
Hypotheses
Thediscussionabovecanonlyleaveonewithanumberofquestions,aswellasa
numberofideas.Thispaperpresentsavarietyofhypothesesthatonemightsuggestbased
onwhat wealreadyknow.Itisthesetheoriesaroundwhichtheempiricaldataworkofthe
projectiscentered.Thehypothesesmayberoughlydividedintomicroandmacroconcepts.
Itwasmentionedpreviouslythatfundingforresearch,development,supplies,etc. ,is
amajorissue.Lookingatthelevelsofforeignaidflowsisthefirstmajorhypothesis.
Presumably,greateramountsofforeignaid,aswellasperhapsmorefocusedallocation 6will
leadtolowermalariarates.Furthermore,theavailabilityofdrugs, especiallyinruralareas,
maybegreatlylimited.
Availabilitybringstolighttwootherhypotheses:rurallocation,andthequalityof
transportationinfrastructure.Bothofthesefactorscanaffectwhetherornotonehasthe
propersuppliestodealwit hanillness.Poorroadsandaremotelocationmaynotonlyaffect
thedeliveryofdrugsbutalsothetransportationoffood,water,hospitalsupplies,andany
numberofotherimportantneeds.
Threehypothesescenteronspecificallyhumanfactors.First, theextentof
governmentcorruptionandpoliticalinstabilitymayaffectacountry’sabilitytofight
disease.Ifforeignaidmoneyissiphonedawaybeforereachingthoseinneed,corruptioncan
beaverysignificantlynegativefactor.Further,politicali nstabilitycanmeanthatlong -range
projectsareconstantlychangingand/orneverfinished.Thesecondhypothesisregards
familystructure.Presumably,atwo -parenthouseholdcandealwithdiseaseburdensmore
6
Forexample,muchmoneymaybebeingwastedondrainageeffortsthataredoomedtobeineffectual.As
mentionedabove,suchasmallamountofwaterisnecessarythatanentirecountrywouldhavetobepaved
overandkeptfreeofpuddlesfordrainagetobeeffective.Perhapsthismoneyisbetterspentonotherprojects.
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easilythanaone -parentarrangement.Forawo manwithanumberofchildren,caringforthe
sickcanbeafull -timejob.Ifthemotherisalsorequiredtoworkandearnanincome,this
canputgreatstrainonherabilitytotakeherchildrentothedoctor,orgetthempropercare.
Atwo -parenthouseho ldmayallowmoreflexibilityinthisregard,aswellasprovidinga
moresteadyincome.
Finallyistheeducationhypothesis.Ascanbeseenfromourdiscussionofthe
disease,itshistory,anditslifecycle,properhumanactionmaybethecruciallinki nfighting
malaria.Andknowledgeandeducationaboutthediseaseisanessentialfirststep.Whenthe
WestNileviruscreatedascareintheUnitedStates,therewasaquickeducationalresponse
intheformofnewsinformation,townmeetings,etc.Thisal lowedpeopletolearnwhat
timesofdaytheyshouldremainindoors,whattypeofclothingtowear,whatinsect
repellantstouse,drainagetechniques,etc.Withmalaria,sucheducationisevenmore
valuable,giventhesimpletwo -waycyclebetweenhumansan dmosquitoes.
Educationisnotjustaboutknowingwhentoremaininside,however.Oneinteresting
examplecomeswithregardtobednets.Thereismuchtoknowaboutusingabednet,
includingthepropertechniqueforcleaningitanddippingitinpermethrin tore -treatit.
However,anotherproblemnotoftenrecognizedisthepresenceofholes.Whilenetsare
generallyeffectiveinblockingmosquitoes,oneholecanbedeadly.Atornnetcanmeanthat
manymosquitoesgetthroughthenet,butthencannotfindt heirwayout,becomingtrapped
againsttheperson’sbody.Withoutthepropereducation,somemethodsoffightingadisease
canbecomecounter -productive.
Finally,onewouldhopetobeabletoaccountforany“Africaeffect,”“tropics
effect,”orotherfac torthatisbasedpurelyongeography.Thatis,one’slocationhopefully
doesnothavesignificanceinandofitself,butonlyinsofarasagivenlocationimpliesother
16
significantconditions.However,theeffectofthetropicsisinterestingandsomewhat
mysterious.Itistrue,forexample,thatthemajorityofhighlyindebtedpoorcountries
(HIPCs)arelocatedinthetropicsandthatthemajorityoftropicalcountriesarequitepoor.
However,itisunclearwhetherbeinginthetropicsactuallycausesone tobepoor.Interms
ofmalaria,thereisanevenmoreinterestingdynamic.Mosteverymalaria -endemiccountry
ispoor,butestablishingacausalrelationshipismoredifficult.Doesbeingpoorcausehigh
malariaratesbecauseofalackoffinancialresou rcestofightthedisease?Ordoeshaving
malariaprevalentinacountrydrainresources,capital,andproductivity,andthuscause
deeperpoverty?
Itisthesevariousanddiversehypothesesthatformthecentralpartsoftheanalytical
workoftheproje ct.Now,itisimportanttomentionsomespecificsaboutmethodologyand
datasources.
InTheory:Modeling
Perhapsthebestwaytodeterminesignificantfactorsinthemalariaproblemisto
thinkofamalariaproductionfunction:
Ymalaria=X 0+….+X n
WhereY malariaissomemeasureofthe“output”ofmalariaandX 0throughX narevectorsof
inputs,whichwillbedescribedbelow.However,thequestionofwhatmightconstitutean
appropriate“output”forsuchafunctiondemandsashortdigression.
Aftera nextensivesearchforrelevantdata,andaftermuchresearchintoprevious
workonthisproblem,itwasdiscoveredthat,atpresent,thereisverylittlereliabledataon
malariaincidenceratesfromcountrytocountry.Thisiscertainlyinpartattribut abletoa
lackofcapacityfordatacollectioninmanypoorcountries.Recently,withtheadventofthe
17
RBMcampaign,amultilateralefforttocollectgooddataoninfectiousdiseaseslikemalaria
isbeginningtopickupsteam.
Asaresultofthis,howeve r,oneisforcedtouseothermeasuresofthemalaria
burden,bothonthemacroandmicrolevel.Thedatabeingusedtolookatintra -country
factorsinthisstudytakestheformofvarioushouseholdandindividualsurveysthathave
beenconductedbythe WorldBankandtheU.S.AgencyforInternationalDevelopment
(USAID).Asdetailedbelow,eachofthesesurveysisabitdifferent.Luckily,afewofthe
individualsurveysincludeanoptionalsetofquestionsclassifiedasthe“malariamodule.”
Amongot herthings,themalariamoduleasksapersonwhetherornothehashadafeverin
thepasttwoweeks.Thus,themostcommon“output”forthemalariaproductionfunction
onthemicrolevelwillbeabinaryvariableequalto1iftherespondenthashadafe ver
recentlyand0ifhehasnot.
Onthemacrolevel,thereisperhapsabitmoreroomformovement.Thedatabeing
usedtostudyfactorsatthenationallevelisaconglomerationofvariousmacroindicators
fromanumberofsources,includingtheWorldB ank,FreedomHouse,andstudies
conductedthroughtheCenterforInternationalDevelopment(CID)atHarvardUniversity.
AmongthislastcategoryisacrucialworkbyJohnLukeGallupandJeffreySachson
geographyandeconomicdevelopment.Whilethiswor kdealswithabroaderrangeoftopics
affectingeconomicgrowth,oneofthemostimportantfactorshinderinggrowth(as
evidencedintheintroduction)istheextentofinfectiousdisease.Tothisend,Gallupand
Sachshavecreatedavariable —“malfal94”—tomeasuretheintensityofmalariainagiven
country.Theirdescriptionofthevariableisasfollows:
“Becauseoflackoftruemalariaincidenceorprevalencedataforthemostseverelyaffected
countries,ourindexisnecessarilyapproximate.Wedigit izedaworldmapoftheextentof
18
malariain1994[showninFigure5]fromtheWorldHealthOrganization(WHO1997),and
usedGIS[GeographicalInformationSystems]tocalculatethefractionofacountry’sland
areasubjecttomalaria,excludingtheareas of‘limitedrisk.’Toquantifythediffering
intensityofmalaria,wecollectedWHO(1992)datafor1990onthepercentofmalariacases
thatarethemalignant falciparum speciesofmalaria,which,ofthefourspeciesofmalaria,
hasthemostseveresympto ms,isthemostresistanttodrugs,andisresponsibleforalmost
allmalariamortality.Themalariaindexistheproductofthepercentlandareatimesthe
percentof falciparum cases.”(GallupandSachs,1999,p.20)
Thus,GallupandSachs’smeasureof malariaintensityservesasanimportantwayto
quantifyandgrasptheextentofthemalariaproblemacrosscountries. 7
However,itisimportanttorememberthatthequestionthisstudyaddressesisnot
onlyconcernedwithreducingtheextentofmalaria’s endemism.Ultimately,the“output”
thatisofmostconcernisthenumberofdeathsduetomalaria.Onceagain,reliabledataon
thenumberofdeathsduetoparticularinfectiousdiseasesisdifficulttocomebyacrossa
varietyofcountries.However,we maybeabletousemeasuresofchildhoodmortality(i.e.
deathratesofchildrenunder5yearsofage),asgoodproxyvariables.Recallthatmalaria
remains,worldwide,theleadingcauseofdeathforchildrenunderfive.Indeed,asimple
regressionofc hildhoodmortalityratesonGallupandSachs’smalariaintensityindex
revealsanextremelycloserelationship:
Childmortality (<5,deathsper1,000livebirths) =14.75+62.4malfal94
(1.88)(5.59)
N=46R 2=0.42
Thisservestoemphasizethefactthatloweroutputsofmalariacanbeexpectedtobe
reflectedinlowerchildmortalityrates.Furthermore,onemaycontrolforotherdiseasesto
7
Inreferencetotheindexofmalari aintensity,onemayalsoseeFigure4,whichgivesavisualrepresentation
oftheindexacrosstheworld.Onewillcertainlynoticethemuchhigherlevelsofintensityexhibitedinsub -
SaharanAfrica —anissuediscussedingreaterdetailinPartsIIIand V.
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someextent,byincludingvariablesmeasuringvaccinationrates.Thus,byusin gthesetwo
variables—malariaintensityandchildmortality —wecanassesstheeffectsofvariousinputs
reasonablywellinthemulti -nationalportionofthestudy.
Onboththemicroandmacrolevels,theinputstothemalariaproductionfunctionare
even moredefinedbyavailabledatathantheoutputs.Fortheindividualcountryanalysesin
particular,theinputsarelimitedbytheparticularsoftheindividualandhousehold
questionnaires.8Asstatedearlier,eachsurveyisabitdifferent.Forexample someinclude
questionsmorespecificallyrelatedtomalaria,andothersdonot.TheWorldBanksurveys
donotaskaquestionaboutfever,butamoregeneralquestionaboutillness.Atthesame
time,theWorldBanksurveysareoftenmorebroadinthefac torstheyassess,including,for
example,suchthingsaswhethertheperson’sdwellinghasscreenedwindows,orwhetheror
nottherespondentownsawatch.
Ingeneral,wemaydividetheinputsfortheintra -countryproductionfunctioninto
fourcategories :
1.Variablesdescribingtherespondent(R) .Thesewouldincludesuchthingsasmarital
status,yearsofeducation,gender,age,etc.
2.Variablesdealingwithhealth(H) .Thiscategorycomprisesvaccinations,moneyspent
onhealthcare,distancetohe althfacilities,specificquestionsaboutsanitation,the
useofbednets,etc.
3.Variablesrelatedtothedwelling(D) .Thesearefactsaboutthehome,includingthetype
ofwatersource,thepresenceofscreenedwindows,whetherthehomehaselectricit y,
etc.
4.Locationvariables(L) .Thesewouldincludefactslikethedistancetonearestroad,the
numberofmonthstheroadispassable,andwhethertherespondentislocatedina
rural,urban,orsuburbanarea.
8
Itshouldbenotedthatinmanycases,thepresenceofmissingvaluesinthedatasetcanplayalargerolein
determiningwhatinputsappearontherightsideoftheequation.Thatis,oftentimesoneparticularinputwill
havesomanymoremissingva luesthanothersthatitservestogreatlydiminishtheaccuracyoftheestimates.
Sometimesitisnotpossibletoincludeallofthedesiredinputsinthemanneronewishes.
20
Thus,wehaveageneralmalariaproducti onfunctionforthemicroanalysis: 9
P(Feverpast2weeks =1)= 0+R 1+H 2+D 3+L 4+ i
Manyofthesameissuesaretrueforthecross -sectionalanalysis.Forexample,
oftentimesparticularvariableswillservetolimittheregressionasawho le,duetoahigher
numberofmissingvalues.Inthesamewayastheintra -countrymodel,wecandividethe
macrodataintoanumberofcategories:
1.Factsaboutthecountry(C) .Theseincludemanybinaryvariablessuchaslocation
(tropics,subtropics ,etc.),continent,whetherthecountryislandlocked,etc.
2.Variablesconcerninghealth(H) .Suchvariableswouldincludemalariaintensity,
governmentexpenditureonhealth,vaccinationrates,andsoon.
3.Educationinputs(E) .LargelyfromRobert BarroandJ.W.Lee’squality -of-education
dataset,theseinputsincludegovernmentexpenditureoneducation,pupil -teacher
ratios,etc.
4.Politicalfactors(P) .Thesevariablesattempttoassessthestabilityofacountry,by
measuring,amongotherthi ngs,theextentofcivilliberties,tabulatingassassinations,
andnotingwhetherthecountrywasformerlysocialist,acolony,etc.
5.Incomedata(I) .ThissetofinputsincludesGDP,GDPpercapita,volumeoftrade,
amountofforeignaidreceived,etc .
6.Demographicvariables(D) .Thesevariablescomprisemortalityrates,population
density/location,illiteracyrates,etc.
7.Measuresofinfrastructure(F) .Thesewouldincludethepercentageofpavedroads,the
numberoftelephonelinesper1,000 people,thenumberofTVsper1,000,etc.
Thus,ourgeneralcross -sectionalproductionfunctiontakestheform:
Ymalaria/Y childmort= 0+C 1+H 2+E 3+P 4+I 5+D 6+F 7+ i
9
Notethattheinputsmaybethoughtofas“investmentsinhealth,”butnot,pe rhaps,inthestrictestsense.
Thatistosay,someoftheinputsmaybesuchthatalowerabsolutevalueoftheobservationwouldcorrespond
toahigherinvestmentinhealth(e.g.timeordistancetofetchwater).Furthermore,manyofthe“investments”
willtaketheformofbinaryvariables.Beingqualitative,thesebinariescannotbethoughtofas“stock”or
“flow”variablesasmightcommonlybeseeninaproductionfunction.
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Itisimportanttonotethatthecross -sectionalportionofthisstudyisquitedifferentfromthe
intra-countryportion.Firstandforemost,thecross -sectionalanalysisusesmacrostatistics
inanattemp ttoidentifygeneraltrendsthataffectacountry’soutputofhealth.Second,
manycountries(especiallythird -worldcountriesandotherHIPCs)donothavethecapacity
tokeepdetailedinformationordataaboutthemselves,whichmeansthatmuchofthed ata
collectionislefttointernationalorganizationssuchastheWorldBank.Asdescribedbelow,
theWorldBankindicatorsarethemostreliableandextensivesourceofmacrodata
available.SincetheWorldBankkeepstabsonaboutonehundredcountries ,thesamplesize
inthecross -sectionalportionisalsoconsiderablysmallerthanthesinglecountryanalyses,
whichoftenuseddatasetswithobservationsnumberinginthethousands.
Thefinaldatasetthatwasusedforcross -sectionalanalysisisactuall yacombination
ofdatafromanumberofdifferentsources,eachofwhichisdescribedbelow.TheWorld
Bankindicatorsprovidedthebackboneofthedataset,andsubsequentdatawasadded
appropriately.
PART  III
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THE VIEW FROM THE TOP
Asalluded toabove,thecross -sectionalanalysisemploysadatasetofvariousmacro
indicatorsforoveronehundredcountries,locatednotjustinsub -SaharanAfrica,butalsoin
SouthAmerica,Asia,Europe,andNorthAmerica.Thisdatasetisactuallytheproduct ofa
numberofseparatedatasources —eachwithitsownfocus —thathavebeenmergedtogether.
Beforediscussingthetestsperformedonthedataset,itisimportanttodescribethesources
ofthenumbersinabitmoredetail.
WorldBankIndicators:Theba sicfacts
ThroughtheWorldBank’sonlinedataquerysystem,keysocioeconomicindicators
areavailableforoveronehundredcountries,goingbackoverfortyyears.Thissetof
indicatorsprovidesthebackboneforthemacrodatausedforthecross -sectionalportionof
thestudy.ThereareanumberofdisadvantagestotheWorldBankindicators,notleastof
whichistheprevalenceofmissingvalues,especiallyfordevelopingcountriesinearlier
yearsofdatacollection.However,theWorldBankindicator sareinmanycasestheonly
reliablesourceofmacronumbersformanycountriesthatdonotkeepconsistentlygood
recordsontheirown.AnotherpositiveaspecttotheWorldBanknumbersistheabilityto
runtestsforavarietyofyears.Onecanalso, forexampleregressavariablelike“percentage
ofmalariallandin1994”onnumbersfromyearspriorto1994,todeterminehowprevious
years’policiesaffectpresentconditions.
ThebroadrangeofcountriespresentedintheWorldBankindicatorsisextr emely
helpful.Oneofthemostinterestingaspectstothemalariaquestionistheparticularlyhigh
rateofinfectiononeseesinsub -SaharanAfricaasopposedtoothercountriesofsimilar
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climatesbutondifferentcontinents.TheWorldBankindicators giveusdatafromvarious
SouthAmericancountries,anumberofAfricancountries,aswellassouth -Asian
countries—allofwhichexistinclimatespotentiallyamenableformosquitoesandthus,for
malariatransmission.
Theindicatorscoveranumberoffac tors,fromGDPtoeducation,andmortalityrates
totransportationinfrastructure.Thustheyprovideareasonablesetofvariablestotestthe
hypothesesputforthabove.
FreedomHouse:Measuringgovernanceandfreedom
Theindependentthink -tankandpo licyinstitution,FreedomHouse,publishesan
annual“FreedomintheWorld”report,whichassignsvarious“freedomscores”tocountries
basedonanumberofkeycategories:politicalrights,civilliberties,andfreedomstatus.The
factorsthatgointode terminingacountry’spoliticalrightsstatusinclude:theexistenceof
freeelections;theabilityforpeopletoorganize;andfreedomfromdominationbymilitary,
foreigncountries,orotherpowerfulgroups.Thecivillibertiesfactorsinclude:freedom of
expressionandbelief,organizationalrights,humanrights,theruleoflaw,personal
autonomy,andeconomicrights.
Forbothpoliticalrightsandcivilliberties,FreedomHouseassessesthevarioussub -
topicsaboveandthenassignsanumberfrom1to 7,with1beingthe“mostfree”and7
beingthe“leastfree.”ThesetwoscoresarethenaveragedtoprovideFreedomHousewith
thethirdscore,“Free”(F)or“NotFree”(NF).
UsingtheFreedomHouseFreedomscoresinconjunctionwiththeWorldBank
indicatorsprovidesagoodwaytostudytheeffectsofacountry’spoliticalinstitutionsonthe
healthofitscitizens.
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Barro-LeeEducationData
RobertBarroandJ.W.Leecompiledausefuldatasetspecificallyfocusingon
internationalmeasuresofschooling yearsandschoolingquality.Thedataset,obtained
throughtheCenterforInternationalDevelopmentatHarvardUniversity,containsmeasures
ofstudent -teacherratios,currentgovernmenteducationalexpenditurepercapita,repetition
anddropoutrates,a ndothersuchmeasures. 10TheBarro -Leedataallowsonetofocusmore
specificallyoneducationasapotentiallysignificantinputinthemalariaproduction
function.
Thedataisespeciallybeneficialtothecross -sectionalportionofthestudy,asittak es
agenerallookateducationacrossanumberofcountries.TheBarro -Leedataisavailable
formostofthecountriesincludedintheWorldBankindicatorset.
CIDDatasets:Growth,geography,andinfectiousdiseases
Finally,twootherdatasetsfromt heCenterforInternationalDevelopmentatHarvard
servetoroundoutthemacroindicatorsforthisstudy.Thesedatasetscomefromworkby
JeffreySachs,etal.intwodifferentpapersthatlookatthesourcesofslowgrowthin
Africaneconomies,aswell asthedynamicsbetweengeographyandinfectiousdiseases.
Thefirstdatasetisaratherdiversesetofvariablesdealingwith,amongotherthings,
assassinations,governmentspending,revolutionsandcoups,andlifeexpectancy.The
Africangrowthdata setalsoincludesadummyforthetropicsaswellasoneforsub -Saharan
Africa.Theseallowustotestforageographyorlocationbiasindiseaseprevalence.
10
Jong -WhaLeeandRobertJ.Barro,“SchoolingQualityinaCross -Sectionof Countries,”(forthcoming,
NBERWorkingPaper,1997)providesamoredetailedexplanationandsourcesofdata.Also,seeBarro,
RobertandJ.W.Lee,“InternationalMeasuresofSchoolingYearsandSchoolingQuality,”AER,Papersand
Proceedings,86(2),pp. 218-223andalsosee“InternationalDataonEducation,”manuscript.
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Thegeographyandinfectiousdiseasesdatasetprovidesanumberofvariablesthat
arecrucial tothemacroanalysis.Variablesincludespecificsaboutclimate,geography,and
populationdensity.
Whilethevariousdatasetsdescribedabovecertainlyhavetheirshortcomings,they
alsoprovideanumberofadvantages.Firstofall,thedatacomesf romreliablesourcesand
coversawiderangeoftopics,fromvariablesconcernedwithpoliticalinstitutions,todata
focusingoneducation,health,andeconomicactivity.Thismeansthat,whencombined,the
dataallowsforthetestingofanumberofhypo thesesandconsequentlyhelpsusapproach
themalariaproblemfromanumberofdifferentangles.
ABackgroundNote
AsmentionedintheIntroduction,manyofthequestionsthisprojectseekstoanswer
aretheresultbothofstallederadicationefforts,as wellasthestrikingdifferencesinmalaria
prevalencethatweseeacrosscountries.Thecaseofsub -SaharanAfricaprovidesagood
example.MapslikeFigures4and5tellaninterestingstory.InFigure5,weseethatmuch
progresshasbeenmadeover thelastfivedecadesineradicatingmalariafrommanypartsof
theworld.Indeed,inNorthAmerica,Europe,Asia,andevenSouthAmerica,weseeagreat
retreatinmalariarisk.Thisisnottrue,however,insub -SaharanAfrica.Thepictureiseven
morestarkinFigure4,whichdepictsthemalariaindex.Onecannothelpbutnoticeafew
things.First,thatmalariaisnotsimplyrelegatedtothegeographicaltropics(thisistrue
presently,andalsoinahistoricalcontextasshowninFigure5).Second ,andmore
important,acrosscountriesandcontinentsthatlieonthesamelatitudes(andfrequentlyhave
verysimilarclimates),malariariskdiffersgreatly.Oneisinstantlyledtoquestionwhysub -
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SaharanAfricaseemstodiffersomarkedlyfromthere stoftheworldinit’sprevalenceof
malaria.
Theregressionsdescribedbelow,aswellasothermapsattheendofthisreport,
provideatleastpartofananswer.Figure1givesavisualrepresentationofGDPpercapita
acrosstheglobe.Itisevident thatpercapitaincomesarefarlowerinsub -SaharanAfrica
thaninmostotherpartsoftheworld,includingothercountrieslocatedinthetropics.Figure
8showsthepercentageofpopulationthatlivesinthetropicsinagivenregion.Again,we
seet hattheregionofAfricasouthoftheSaharaexhibitsquiteahigherproportionthaneven
LatinAmericaorSouthAsia.Finally,Figure9showsthedegreeofaccesspopulationshave
tocoastsorrivers,whichobviouslyfacilitatetrade,thedeliveryofsup plies,aswellasthe
mobilityofpeople.Whilemostplacesinthetropics(andintheareasofNorthAmericaand
Europethatwereonceplaguedbymalaria)haveahighdegreeofaccesstoacoastorriver,
Africadoesnot.Infact,itseemsasifthewho leinteriorofthecontinentiscompletelyshut
off.
Onehopesthatdifferencesinmalariariskcanbeattributedtoandaccountedforby
thesevastdifferencesinpopulationdynamics,GDP,andevenisolation.Wewillreturn
later,however,tothequesti onofsub -SaharanAfrica,whichremainsapersistentone.
WhattheDataSays
Abriefglanceatthecombinedsetofcross -countrydatacausesanumberof
interestingrelationshipstojumpout.Manyoftheserelationshipsaredepictedinthe
appendixof tablesandgraphstothisreport,andtheycertainlyraisequestionsinourminds
withoutevenrunninganyregressionsorsolvinganyequations.
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Forexample,onewillnotetheincrediblywiderangeinincomesthatshowsup
acrossnations.Grossdomestic product,measuredonapercapitabasis,rangesfrom
$465.19atthelowend(Ethiopia)to$27,323.18atthehighend(UnitedStates).
Thenumbersareperhapsmoststartlingwhenonebeginstalkingaboutlocation.
AverageGDPpercapitais$3,496.80inco untriesthatarelandlocked.Non -landlocked
countriesenjoy,onaverage,aGDPpercapitaovertwicethatoflandlockedcountries,at
$7,141.18.Furthermore,whileGDPisgenerallylowintropicalcountries,weseeafurther
differencebetweenGDPlevels inthegeographicaltropicsversusclimatictropics(see
Figure6).Ateverylevel,GDPmeasuredbyclimateislowerthanGDPmeasuredby
geography.
Indeed,thesameistrueformalaria.Usingthemalariaindexdescribedearlier,we
seevastdifference sinmalariaintensitybetweengeographicallytropicalandclimatically
tropicalcountries.Ofthethirty -twocountrieswithamalariaindexbetween0.8and1.0,
twenty-ninearelocatedinsub -SaharanAfrica.
Finally,weseesimilarresultswhenlooking atthemortalityratesofchildrenunder
fiveyearsofage.Figure2illustratesthehighlypositiverelationshipbetweenincreasesin
themalariaindexandincreasesinchildhoodmortality.
Alookattheregressionresultsdeepensthestory.Tables1 through9givethe
coefficientestimates(aswellastheabsolutevalueoftheirt -statistics)forthecross -sectional
analysisofvariousfactors’effectsonthemalariaindex.Notethatthefirsteighttablesgive
resultsfromregressionsinwhichthei ndependentvariableswerelimitedtooneoftheseven
“classes”offactors,asdescribedabove.Thereisalsoonetabledescribingtheeffectsof
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climaticregionsonthemalariaindex.Table9givesresultsforthemodelsestimatedusing
variablesfroma llofthecategoriesdescribedinthefirsteighttables. 11
Table1ashowstheeffectofsomebasiccountryfactsonthemalariaindex.Among
otherthings,thedummyforsub -SaharanAfricaandtheeffectofalocationinthe
geographicaltropicsarehighl ysignificant.Table2aisolatestheeffectofclimaticregions
onthemalariaindex.Ascanbeseen,locationinthetropicsorsub -tropicsproduces
significantlyhighermalariaindexnumbers.However,itisimportanttorememberthat,
whilethesenumb erssuggestacertaindegreeofthe“geographyisdestiny”conclusion,the
coefficientsdonotsuggestthatclimateexplainsthewholestory.Furthermore,areasfrom
whichmalariawaseradicatedinpastdecadeswerelargelyclimaticallysubtropical.Thes e
suggestthatitisworthinvestigatingotherconnections.
Table3areportsasignificanteffectofgovernmenthealthexpenditureonthemalaria
rate.Thisisnotsurprising,asonewouldexpectthatanincreaseinhealthservices,
especiallytothosei nruralareas,mighthelpinprovidinghealthsuppliesaswellasmore
immediatecare.
TheresultspresentedinTable4asuggestthateducationfactorsmayhaveamuch
lesssignificanteffectonmalariaintensitythanhypothesized.Governmenteducational
expenditureandenrollmentratesarebothonlysometimessignificant.
PerhapsTable5apresentsthemostinterestingresultsfromtheisolatedfactors.It
appearsthatthepoliticalclimateofacountryhasanimpactonmalariaratesthatisworth
oura ttention.Moststrikingly,weseesignificantcoefficientsonthevariablesmeasuring
11
Notethatmostoftheregressiontablescontainmorethanoneestimationforeachvariable.Foreachsetof
variables,avarietyofmodelswereestimated,foranumberofreasons.Firs t,itwasoftenthecasethatthe
initialmodelbeingestimateddidnotcontainenoughobservations,duetomissingvalues,andthushadtobe
corrected.Second,ineachmodelthereisadegreeofmulticollinearityexhibitedinthedata,asmanyofthe
factorsarecloselyrelated.Subsequentalterationofthemodelbeingestimatedattemptedtoaccountforthis
problembyremovingsomeofthe“culprit”variablesandobtainingmoreaccurate(andoftensignificant)
estimatesforotherfactors.
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civillibertiesandthetimingofacountry’sindependence.Recallthatthecivilliberties
scoreisavaluefrom1to7,withhighernumbersrepresentinglowerdegrees ofliberty.
Similarly,thetimingofindependencevariabletakesonthevalues0 -3,withthehigher
numberssignifyingmorerecentindependence.Thesignificantcoefficientsonbothofthese
factorsseemtoverifysomeoriginalsuspicions.Countriesth ataresubjectedtocorrupt
governments,dictators,politicalinstability,etc.,aremorelikelytoexhibithighdisease
rates.Thismaybeduetothewayinwhichpublicfundsaredistributedundersuch
conditions—anissuethatotherfigures(suchasexp enditureoneducationorhealth)maynot
bepickingup.Thenumbersmayalsoindicatethatacountry’sresistancetooutsidehelp,
expertise,andotherresourcesmayhaveahighlynegativeimpactonitscitizen’shealth.
Indeed,countriesthatarenewly emergingasindependentstateslikelyshowsignsofhigher
ratesofdiseasessuchasmalariainpartbecauseoftheirformeroppression.However,this
variablealsosuggeststhatnewlyindependentcountriesmaybeburdenedbyotherpriorities
thatcommand anewgovernment’stime.Asweknowfromexperiencewithnewly
independentstates,itisperhapsimpossibleforanewgovernmenttodealwithevery
problematonce.Ifitisnecessarytospendagreatdealoftimeon,forexample,anew
constitution,th eruleoflaw,etc.,thenhealthmeasuresanddiseaseeradicationmaytakea
backseatuntilthecountrybecomesmoreestablished.
Theeffectofincomefactorsonmalariaisquestionable.Thereiscertainlysome
significancetothelevelofGDPpercapit a,andmarginalimportancetoforeignaidflows.
Sinceitismeasuredonapercapitabasis,thesignificantresultforGDPmayalludetothe
importanceofchangesintheconsumptiondecisionsofahouseholdorpersonallevelthat
themacroanalysiscanno teasilyquantify.
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Table7ateststhesignificanceofavarietyofdemographicfactors,including
populationdensity,andpopulationlocation.Itisimportanttonotethatlocationinanurban
areaseemstohelpreducetheoutputofmalaria.Wewillsee thisfactmoreclearly
illustratedinthemicrodata.However,wemayconjectureherethaturbanlocationprovides
anumberofadvantagesinfightingmalaria,notleastofwhicharegreateraccesstohealth
facilities;increasedsanitationanddrainage; andtheimmediateavailabilityofgoodssuchas
bednets,antimalarialdrugs,andevenavarietyoffoodsforgreatnutrition.
Thesuggestionthataccesstogoodsandservicesissignificantinreducingmalaria
burdensiscorroboratedbyTable8a,whichsh owssignificantcoefficientestimatesforthe
variable“percentofroadspaved.”
Table9acombinesmanyofthevariablesfromthefirsteighttablesintoaseriesof
largerregressions.AfewimportantconclusionsresultfromtheestimatesdisplayedinT able
9a.Firstofall,thereseemstobeadegreeofmulticollinearity,asevidencedbythefew
significantestimatesbuttherelativelyhighR -squaredvalue.Thesubsequentregressions
attempttodealwiththisproblembydroppingsomevariablesthatma ybecausingthe
multicollinearity.Wecanseethatwhenthisisdone,variablessuchascivilliberties,timing
ofindependence,percentofroadspaved,etc.regaintheirsignificance.Secondly,there
appearsinalltheregressionstobeastrong“sub -SaharanAfricaeffect.”Indeed,the
existenceofsuchaneffectcanbeseenvisually,asmentionedearlier.However,accounting
forthingslikeaccesstowater,population,GDP,levelsofeducation,andevenpolitical
stabilitydoesnotseemtomakelocat ioninsub -SaharanAfricainsignificant.Itisdisturbing
toreportthatthisfactseemstopointatleastinparttosomeunexplainableeffectpresentin
theprevalenceofmalaria.Oneisledtosuggesttheexistenceofotherfactors(potentially
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onest hataredifficulttoquantify)thatkeepthisparticularregionoftheworldindesperate
statewhenitcomestomalaria. 12
Beforeleavingthemacroportionoftheanalysis,wemustlookatsimilarregressions
performedusingchildmortalitynumbersasthe dependentvariable.Whileonewould
expecttheresultstobehighlysimilar,giventherelationshipbetweenmalariaintensityand
under-5mortality,theseregressionestimatesareperhapsmorepracticalintermsofpolicy
recommendations.Whilewearec ertainlyconcernedgenerallyabouttheburdenofdisease
anditsadverseeconomiceffects,itisundeniablethattheworstconsequenceofhighmalaria
ratesishighdeathrates.
Table3banalyzeshealthvariables.Theresultsplacesignificanceonimmuni zation
ratesasanimportantaspecttopreventingchildhooddeaths.Althoughthisresultisnot
directlyrelatedtodeathsfrommalaria,itiscertainlytruethatgoodhealthgenerallymaybe
thebestwaytopreventdeathfrommalaria.
TheresultsinTab le4bseemtoshowsomethingabitdifferentfromtheregressions
runonmalariaintensity.Indeed,itappearsthateducationfactorssuchasgovernment
educationalexpenditureaswellaspupil -teacherratiosareimportantinreducingchild
mortality.It isperhapsdifficulttograsptheunderlyingconcept,butthesevariablesmay
serveasakindofproxyfortheamountof“individualattention”achildreceives,bothfrom
thecommunityaroundhimaswellasfromstateservicesgenerally.
Asonewouldex pect,thesignificanceofthepoliticalclimateonmortalityrates
followscloselywithitssignificanceinmalariaintensity.Itisnotsurprisingthatnewly
independentstatesandnationssubjectedtodictatorialruleandwarscannotensureashigha
levelofhealthandsafetyforitspeopleasmoreestablishedandpeacefulgovernmentscan.
12
Afurtherdi scussionoftheramificationsofthe“sub -SaharanAfricaeffect”isfoundintheconclusionsin
PartV.
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Incomeeffectsarealsomoresignificantinreducingmortalitythaninreducingthe
malariarate(seeTable6b).Foreignaidflows,GDPpercapita,andthedegreeo fisolation
fromthecoastallimpactdeathrates.Thesameistrueforurbanlocation,asshowninTable
7b,andforthepercentofroadspaved(Table8b).
Finally,thecombinedregressiononceagainexhibitssymptomsofmulticollinearity.
However,som evariablesremainnotable,especiallythemeasureofliteracyinacountry.In
allregressionestimates,higherilliteracyratesamongtheadultpopulationservetoincrease
thedeathratesamongyoungchildren.Giventhehighdegreeofdependenceonad ults
amongchildrenunderfive,thesignificantilliteracyestimatemaypoint(amongotherthings)
toparents’inabilitytobeadequatelyinformedabouthowtocarefortheirchildren.
Additionally,highadultilliteracyiscertaintoslowthelearningpr ocessinchildren.Perhaps
thishelpsexplainthesignificantresultsseeninTable4b.
Whenwecombinetheregressionsonchildmortalitywiththeestimatesformalaria
output,wearecertainlyleftwithimportantpolicyimplications.Thesewillbedis cussedat
lengthinPartV.However,ourinsightsintothemalariaburdendonotnowendwiththe
resultsfromthisdata.Inordertodevelopamoreclearunderstandingofthedynamicsofthe
disease,aswellasinordertomakemoreintelligentpolicyr ecommendations,itisimportant
tolookatdataonasmallerlevel.Individualandhouseholdsurveydatacanshedlighton
otheraspectsofthe“malariaproductionfunction”forwhichthemacrodataissimplytoo
generaltodepict.
PART  IV
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ON THE GROUND
Whilecountry -levelindicatorscanconveyagreatdealofimportantinformation
aboutmalariaandoureffortstocontrolit,theydonottellthewholestory.Indeedbyits
verynature,amacroanalysisofthemalariaproblemisboundtomisss omeofwhathappens
“ontheground.”Inanefforttobetterunderstandwhatfactorsliebehindmalariaoutputs,
thisstudysoughtoutdatatakenfromindividualsandhouseholdsinadditiontomoregeneral
countryindicators.
Themicro,orintra -country, portionofthisstudyhasanumberofadvantages.First
ofall,itallowsustolookatcertainfactors,suchasindividualhealthexpenditureandbednet
usage,thatwerenotexploredbythecross -sectionalanalysis.Furthermore,thedatasetsused
inthi spartoftheprojectarehouseholdandindividualsurveydatafromindividualcountries.
Thisisimportant,sincecountry -levelindicatorsoftenglossoverregionaldifferencesin
countries,optingforless -specificaverages.Theindividualcountrysurv eydataallowsusto
takeafewcountriesasexamplesandtoexplorehowdifferencesinvariousinputs withina
countrymaycausedifferencesinthelevelofhealthandthe“output”ofmalaria.
Belowisabriefdescriptionofthedatausedinthisportion ofthestudy,followedby
apresentationofresults.
LivingStandardsMeasurementStudy(LSMS)
TheLivingStandardsMeasurementStudy(LSMS)surveysareaseriesofstudies
conductedbytheWorldBankattherequestsofindividualcountries.TheLSMS program
hasbeeninexistencesincethe1980s,andnewstudiesareongoing.Anumberofthesurvey
datasetsaremadeavailablefreeofchargeattheWorldBank’sLSMSwebsite. 13
13
Seewww.worldbank.org/lsms
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Eachsurveyisslightlydifferent,dependinguponthecountryinwhichitwas
conducted,butallLSMSsurveyscollectdataonvariousaspectsofthehousehold,including
consumption,income,savings,employment,health,education,fertility,nutrition,housing,
andmigration.EachLSMSsurveycontainsthehouseholdquestionnairet hat,inlightofthe
“malariaproduction”modeldescribedabove,wasmostcrucialtothisstudy.Thehousehold
questionnairescollectdataonhealth,income,housingcharacteristics,education,material
possessions,andhumanbehavior.LSMSalsoconducts acommunityquestionnaireinsome
countriesthatcollectsinformationonthetowninwhichthesurveyisbeingconducted,and
containsinformationaboutthetown’sinfrastructure,etc.Finally,LSMSoccasionally
includesapricequestionnairethatrecord sthecurrentpricesofavarietyofcommodities.
TheLSMSsurveysarehelpfultothisstudyforanumberofreasons.Firstand
foremost,giventhatgooddataonmalariaandmalariainfectionratesisquitedifficultto
find,theLSMSsurveysaskafewi mportantquestionsthatcanshedlightontheseparticular
concerns.TheTanzania1993surveyasksthequestion:“ Duringthepast4weekshaveyou
hadanyillnessorinjury?Forexample,haveyouhadacough,acold,diarrhea,aninjurydue
toanaccident ,oranyotherillness? ”Whilethisquestionisnotmalariaspecific,itis
importanttorememberthat,inacountryinwhichmalariaisaleadingcauseofillnessand
death,changesintheincidenceofmalariawillcertainlybeevidentintheresponsest othis
question.Inmanyofthesurveys,onealsohastheabilitytocontrolforotherdiseasessuch
astuberculosis,diphtheria,measles,andpolio,sincethesurveysamplecanbespecifiedto
includeonlythosepeoplevaccinatedagainstparticulardisea ses.
Second,thelargesamplesizeaswellasthebroadarrayofquestionsinthesurvey
allowsforameaningfulmodeltobetested.TheLSMSsurveysareconductedona
nationwidebasis,andthusdataiscollectedfromrural,urban,andsuburbanareasof a
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particularcountry.ThismakesdatafromLSMSparticularlygoodforanalyzingthemalaria
problemfromwithinaparticularcountry.Onecancreateamodeltodeterminewhatfactors
aresignificantinproducingthedifferentmalaria“outputs”weseein differentpartsofthe
samecountry.Andbecauseofthevarietyofsectionscomprisedinthesurvey,ourmodel
cantestdiversevariables(e.g.expenditureonhealthanddistancefromapavedroad)atthe
sametime.
DemographicandHealthSurveys(DHS)
SponsoredbytheU.S.AgencyforInternationalDevelopment(USAID),the
MEASUREprogram( MonitoringandEvaluationtoASsessandUseREsults)isaten -year
initiativeaimedatinstitutionalizingthecollectionanduseofdataforcountries,bothfor
programmonitoringandforpolicyformation.DemographicandHealthSurveysareone
aspectoftheMEASUREprogram.TheDHSsurveysarenationallyrepresentativedatasets,
usuallyconsistingofbetween5,000and30,000households.Thequestionnairesfocuson
obtainingdataonpopulation,health,andnutrition.Whilethestandardsurveyconsistsof
bothahouseholdquestionnaireandawomen’squestionnaire,DHSalsocontainsavarietyof
country-specific“modules,”basedonspecificrequestsbythehostcount ryandbyUSAID.
Thus,afewDHSsurveyscontainadetailedsetofquestionsconcerningmalaria,including
questionsabouttheuseofbednetsandtheuseofcommonanti -malarialdrugs.
TheDemographicandHealthSurveyswerechosenforthisstudyforan umberof
reasons.First,theMEASUREDHSprogramisrecognizedacrossdisciplinesasan
extremelyaccurateandup -to-datesourcefordataonissuesregardinghealth,population,
andnutrition.Furthermore,thelarge,nationallyrepresentativesamplesize onceagain
allowsforameaningfulstudyofhowintra -countrydifferencesintheinputsofthemalaria
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productionfunctionaffecttheoutput.Finally,thespecificmalariamoduleoftheDHS
surveys,whileonlyusedinafewcountries,containsquestions specifictothediseasethat
aresimplynotfoundinothermoregeneralsurveysanddatasets.
SomeReverberantFacts
Perhapsthemoststartlingrevelationsfromthemicrodataarefoundnotthrough
regressions,butbyanevenmoresimplelookatthenum bers.Thesenumbersgiveusinsight
intothewaysinwhichpeoplelivetheirlivesdaytodayineachparticularcountry,andthey
certainlysuggestideasforchange.
Intermsofmedicaltreatment,someinterestingfactsareworthnoting.InBenin,a
smallcountryinsub -SaharanAfrica,84%ofpeoplesoughtmedicalattentionfortheirfever
within3days,butonly41%soughtattentionwithin1day.Thisissignificantsincewe
knowthatmalariabecomesmuchmoredeadly,especiallyinchildren,after24 -48hours.In
BurkinaFaso,60%ofpeoplereceivednotreatmentfortheirmostrecentfeverorcough.
Perhapsthemoststartlingfactscanbefoundwithregardtobednetprevalenceand
treatment.InColombia,68%ofpeopledonothaveabednetforsleepi ng.Ofthosewhodo
ownabednetinColombia,some23%reportedthatnochildsleptunderthenetlastnight.
AndinMalawi,acountrythatcouldnotbemoremalarial -endemic,almost83%of
respondentshadnomosquitonetsinthehouse.
Animportantasp ecttotheeffectivenessofbednetsiswhetherornotthenethasbeen
treatedwithinsecticide(mostcommonlyapesticidecalledpermethrin).Infact,bednets
needtobetreatedwithpermethrinregularlytoremainhighlyeffective.InColombia,90%
ofp eoplehavereceivednotreatmentoftheirbednetssinceobtainingthem;andinMalawi,
61%ofthosewhohaveabednethaveneverhaditdippedinpermethrin.
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Finally,someinterestingdifferencescanbefoundwhenonecomparesruraland
urbanareas.InB enin,56%ofurbandwellersownabednet,whileonly37%ofruralhomes
do.Also,urbanresidentsinBeninarefourtimesmorelikelythanruralinhabitantstohave
screened-inhomes.
Allofthesefactspointclearlytosomeverypracticalproblems,and perhapssuggest
somemorepolicyideas.Firstofall,itappearsthatbednetprevalenceisnotnearlyashigh
asonewouldhopeorexpect,especiallyincountriesthataresothreatenedbydiseasesborne
bymosquitoes.Secondly,thereseemstobealack offollow -uporeducationabouttheuse
ofbednets.Thisisevidencednotonlybythesignificantnumberofpeoplethatclaimedthey
donotusethebednet,butalsomoreclearlybytheimmensenumberofthosewhohave
neverhadtheirnettreatedwithperm ethrin.
Finally,theurban -ruraldichotomyisveryimportant.Itisobviousthatruralareas
arefromtheoutsetmoresusceptibletodiseasessuchasmalariaforavarietyofreasons,
includingdecreasedaccesstogoodsandservices,aswellastolesst horoughdrainageof
standingwater.Onewouldhope,then,thateffortstodistributebednetswouldfocusmore
intenselyonruralareas.However,itseemsthatbednetshavenotreachedruralinhabitants
inlargenumbers.Ifonetakesintoaccountthelac kofotheradvantagessuchasscreened
windowsandaccesstohealthfacilities,ruralinhabitantsofmalarial -endemiccountriesare
atagravelyhighriskforcontractingthedisease.
MuchofthisinformationissupportedbytheregressionspresentedinT ables11 -13.
Table11highlightsanumberofsignificantfactorsusingdatafromBenin.Weseethatthe
possessionofabednetreducesthelikelihoodoffeverbymorethansixpercent.Asimilar
regressionondatafromMalawiyieldssimilarresults:
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P(feverinpasttwoweeks) =0.475 –.055(mosquitonetsinhouse) 14
Thesameistrueforanurbanlocation.Anevengreateraffectisseeninthosehomesthat
havescreenedwindows.Table11showsthatinhabitantsofsuchdwellingsaresomefifteen
percentlesslikelytocontractafever.
Also,asonewouldexpect,receivingvaccinationsforotherdiseases(inthiscase,
diphtheria)reducesthelikelihoodoffeversaswell.Whilethevaccinationvariableis
certainlysignificantbecauseitcausesreductio nsinfeversfromdiphtheria,itmayalsopoint
tothevalueofgenerallygoodhealthlevelsinreducingillnessfromdiseaseslikemalaria.
Finally,theBenindatashowsanoticeablysignificantestimatefortheliteracy
variable.Thisvariablecantake onthreevalues,withthehighestrepresentingthemost
literate.Inlinewiththeeducationhypothesissuggestedearlier,higherlevelsofliteracy
seemtocontributetolowerlevelsofillness.
Interestingly,thedatabecomesmuchlessconclusivewhen onelooksattwoSouth
Americancountries,asopposedtosub -SaharanAfricanBenin.Indeed,thefactors
mentionedaboveareonlymarginallysignificantinTables12and13.Thisdisparityraises
anotherquestionbysuggestingthatthesamepolicychoice smaynotbeeffectiveindifferent
places.
Althoughmuchofthehouseholdandindividualsurveydatacollectedwas
incompleteordidnotcovertherangeoftopicsdescribedinthemodel,therearestillvarious
importantconclusionstobedrawnonthe single-countrylevel.Perhapsmostnoticeably,the
surveydatarevealsmorespecificsaboutthedistributionanduseofbednetsinhouseholds
14
Thevariableisbinary:0=nomosquitonetsinthehouse,1=yes,mosquitonetspresent.Theregressionisa
“dprobit”modelandthusthecoefficientisthechangeinPgivenachangefrom0to1intheindependent
variable.
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thatthecountry -levelindicatorscannotexpose.Secondly,abasicglanceatthenumbers
fromavarietyofcount riessuggestsboththatruralinhabitantsareatmoregraveriskand
thatindividualhumanchoices(e.g.thechoicetoseektreatment)canplayasignificantrole
inhowweattackmalariaandillnessesgenerally.
Othercontributionsofthesurveydatainc ludetheimportanceofvaccinations(and
thuspresumablyofgeneralgoodhealth).Alsointriguingisthesignificanceoftheliteracy
variableintheBeninregressions.Itisnotentirelyclearhowsomethinglikeliteracyplays
intoalowerprobabilityo ffever,butitmayactasagoodproxyforeducationonan
individuallevel.Ifthisisthecase,oneisdrawnbacktotheideathateducationabouta
diseaseanditspracticalpreventionmethodsiscrucialtoloweringinfectionrates.
PART  V
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CONCLUSIONS
Soaftersortingthroughallthenumbersandtables,whatdowehavetosayaboutour
effortstobattlemalaria?Moreimportantly,doesthedatasuggestanyimportant
implicationsforpolicymakersoranyotherindividualinvolvedinthefight againstthis
disease?
Well,firstthisreportremindsusofsomekeyfactsaboutmalariaandhowthe
diseaseworks.Thesefactsareimportanttokeepinmindasonemovesforwardtodevelop
policysuggestions.Thetransmissionprocessofthemalariapar asiteinvolvesonlytwo
actors:humansandmosquitoes.Thus,wearealertedtotheimportanceofhumanactionin
breakingtheinfectioncycleofmalaria.Furthermore,becausetheparasiteisborneby
mosquitoes,malariathrivesintropicalareas,especia llyinthecoretropicswheremosquito
populationshaveastrongandmorepermanentfoothold.Recallthatitisanincrediblysmall
amountofstandingwaterthatisnecessaryforsustaininganinfectiouspopulationof
mosquitoes.Indeed,itappearsthat earlyeffortstoeradicatemalaria,largelythroughtheuse
ofpesticides,havehaltedinpartbecausethemalariapopulationsinthecoretropicsare
betterestablished.However,mapslikeFigure5alsoseemtopointtothefactthat,over
time,bothmos quitoandparasitehavebecomeincreasinglyresistantto“conventional”
weaponssuchaspesticidesandanti -malarialdrugs.
Wealsosaw,however,themalariaisnotsimplyanissueofgeography.Mapsof
malariariskrevealvastlydifferentlevelsofdise aseburdenacrosscountrieslocatedinthe
sameclimaticregions.Furthermore,despiteparasiticresistancetodrugsandvector
resistancetopesticides,wehaveseenvirtuallynocomebackofthediseaseinplaceswhere
itwasonceendemicandhassince beeneradicated.
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Thesefacts,combinedwiththeempiricalworkoftheprojectleadustoanumberof
conclusionsthatruncountertooriginalhypotheses.Firstofall,giventheincreased
resistancetopesticides,aswellastakingintoaccountrecenten vironmentalconcernsraised
overtheuseofchemicalssuchasDDT,effortsthatfocushighlyoneradicationofmalaria
throughthepesticidekillingofmosquitoesareperhapsmisguided.Atbest,theyexhibita
poordecisioninallocatingscarcefundsandr esources.
Second,inareasthatareconsistentlytropical,effectivedrainageeffortsmaybe
nearlyimpossibletoachieve.Especiallyinruralareas,eliminatingstandingwatertothe
pointthatinfectiouspopulationsofmosquitoesaresignificantlyredu cedisalmostcertainly
impractical.Ontheotherhand,justaswasthecasewithdiseasessuchastheWestNile
virusoutbreakintheUnitedStates,individualdrainageofsmallstandingwaterlocationsin
andaroundthehomeislikelyawisepreventativ emeasure.Indeed,ifanymoneyistobe
investedindrainageefforts,onewouldhopethatsuchinitiativeswouldfocusonsuch
“backyard”breedinggroundsasopposedtolarge -scaledrainageprojects.
Third,anotherhypothesis —thatoffamilystructure —appearedtobelesssignificant
thanexpected.Althoughthedataisnotofthehighestquality,theredoesnotseemtobea
significantrelationshipbetweenmore“stable”two -parenthouseholdsandlowermalaria
outputs.
Finally,thepresenceofa“sub -SaharanAfricaeffect”remainsaconsistentproblem.
Asdiscussed,sub -SaharanAfricaexhibitshighermalariaintensityandchildmortalityrates
thananyotherregionintheworld,beittropicalornot.Thisstudyattemptstoaccountfora
varietyofthing sthatmayexplainthiseffect,includingpoliticalfactors,incomelevels,
issuesoftradeandaccesstomarkets,etc.However,afterincludingthesevariousfactorsin
regressions,thedummyforsub -SaharanAfricaremainedsignificant.Thereiscertain ly
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morethatcanbedonetoanalyzethiseffect.Oneimportantaspectthatthisstudydoesnot
examineisthecompositionofthemalariaintensityindexitself.Itmaybethecasethat
muchofAfrica’shighmalariaandmortalityratesisduetothespeci ficstrainofmalaria
parasitepresentintheregion.Unfortunately,gooddataonthisisnotreadilyavailable.
However,onemayimmediatelyquestiontheclaimthattheconcentrationof plasmodium
falciparumentirelyexplainsthesub -SaharanAfricaeffe ct.Asimpleglanceatsomeofthe
figuresattheendofthisreportrevealcountrieswithveryhighmalariaintensitiesthatborder
othercountries(inthesameclimaticregion)withrelativelylowmalariaintensities.While
falciparumconcentrationmay explainsomeofthedifferencesinmalariaintensitythatwe
seeacrosscontinents,itmaynotexplaindifferencesthatshowupwithinsmallerregions.
Anotherhypothesisregardingthiseffectisthepresenceofsomeunderlying,perhaps
unmeasured,bias againstsub -SaharanAfrica.Forexample,areexpertsfromothercountries
unwillingtotraveltotheregion?Areincentivestoworkandliveinsub -SaharanAfrica
(andthushelptheregion)toolow?Aretherespecificculturaltraditionspresentinthe
variousAfricansocietiesthatalterhumanactionandplacepeopleathigherriskofdisease?
Allofthesequestionsareleftforfurtherdiscussion,aseachdeservesaseriousexamination.
However,theempiricalworkofthisprojectalsosuggestssome interestingpolicy
optionsonthepositivesideaswell.Wesawinregressionsonmalariaintensityaswellas
onchildmortalityandtheprevalenceoffeverthatavarietyoffactorsseemtoplayinto
lowermalariaoutputs.
Perhapsmoststrikingisthe importanceofbednetdistributionanduseinreducing
malariarates.Whilethecountrylevelindicatorsmoreorlessskipoverspecificdataon
bednets,themicrolevelanalysisrevealedsomeinstructivefacts.Firstofall,regressions
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includingthepo ssessionofabednetestimateasignificantlynegativecoefficientonthe
dummyvariable(i.e.owningabednetcausesreductionsintheprobabilityofhavinga
fever).Butinmanycountriesthereisastartlinglowdistributionrateofbednets,especially
inruralareas.Furthermore,surveydatarevealedthatagreatnumberofpeopleownbednets
thathaveeitherneverbeentreatedwithpermethrininsecticide,orthathavenotbeentreated
nearlyasoftenasisnecessary.Finally,weseethatmanypeople whoreportedowninga
bednetconsequentlyreportedthatnoonesleptunderthenetinthepreviousnight.
Allofthesefactspointtoaneedforincreasedfocusonbednetdistributionand
education.Ruralareas —alreadyathigherriskofmalariainfection —aregravelydeficientin
accesstobednets.Moreover,itappearsthatmanypeoplearenotawareofproperinsecticide
treatmentmethodsfortheirnet,norarefullyawareofthebenefitsofusingabednetona
nightlybasis.Ifthisistrue,onemighta lsoinferthattheproblemofholesinbednets
(discussedintheintroduction)issomethingthatmustalsobeaddressedinanygood
distribution/educationinitiative.
Asecondpolicysuggestioncentersaroundaccesstogoodsandservicesand
opennesstot rade.BysimplylookingatFigure9,onecanseethatsub -SaharanAfricais
uniqueinthattheentireinteriorofthecontinentisshutofffromaccesstothecoastor
navigablerivers.Perhapsthisisonereasonwhyweseedrasticallyhighermalariarat esin
AfricasouthoftheSaharathananywhereelseinthetropics.Asidefromnavigable
waterways,theissueofaccesstogoodsandservicescanbeillustratedbylookingatthe
rural-urbandichotomy.Itisclearfromthedatathatresidentsofurbanar easarebettersuited
toprotectthemselvesfrommalariathanruralinhabitants.Thisiscertainlydueinparttothe
greaterdegreeofaccessurbandwellersenjoytoproductssuchasbednetsandservicessuch
asprofessionalhealthcare.Itisnosurpris ethen,thatthemacroanalysisshowedthevariable
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forthepercentofpavedroadstobeasignificantfactorinreducingmalariaoutputs.Indeed,
thetimerequiredfordeliveryofsuppliesortransportationtoahealthfacilityishighly
dependentonthe qualityofinfrastructuresuchasroadways.
Theproblemswithbednetsandaccesstogoodsandservicesillustrateanevenmore
fundamentalproblem:thatofindividualhumanaction.Asmentionedattheoutset,the
malariaparasiteispassedexclusivelyb etweenhumansandmosquitoes.Onewouldthen
expectakindofpositivefeedbackmechanismtotakeplace.Iflesspeopleareinfectedwith
malaria,lesscanpasstheparasitebacktomosquitoes,andthusevenlessmosquitoescanin
turnhanditontohuma ns,etc.Yet,whilehumanactionissoevidentlyimportantto
reducingmalariaoutputs,weconsistentlyseeresponsesthatrepresentpoordecisions.There
arehighnumbersofpeoplenotusingtheirbednets,andevenmorewhodonothandletheir
netsprop erly.Furthermore,wesawveryfewpeoplereportthattheyhadusedananti -
malarialdrugfortheirmostrecentfever.Indeed,manypeopledidnotevenseekmedical
attentionfortheirmostrecentillnessuntilafteranumberofdayshadpassed.Thisis
problematicinthattheinterveningdaysbetweenthetimeofinfectionandthetimeof
treatmentallowforastrengtheningofthediseaseaswellasopenthedoorforfurther
transmissiontoamosquitopopulation.
TogobacktotheexampleofWestNilev irus,oneofthemostsuccessfulstrategies
usedtocombatthediseasewasawidespreadeducationprogram,thatemployedthenews
mediaaswellasmanylocaltownmeetings.Itwasherethatpeoplewereabletogain
informationaboutthewarningsignsoft hedisease,learnpracticalwaystheycouldprevent
infection,etc.Somesucheducationinitiativecouldindeedbeveryhelpfultopeopleliving
inmalariaendemiccountries.
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Resultsfromthedataalsoservetosupportanotherhypothesis:theimportance of
politicalstabilityonhealthoutput.Infact,wefoundverysignificantestimatesforvariables
suchasacountry’scivillibertiesscore,colonialstatus,andtimingofindependence,all
indicatingthatmoreestablishedandmore“free”societiesenjo ylowermalariarates
generally.Thesameresultswereseenwhensuchfactorswereregressedonchildmortality
insteadofmalariaintensity.Inbothcases,increasesincivillibertiesandagreaterdegreeof
“establishment”inacountryappeartoexhib ithealthbenefitsforthecountry’sinhabitants.
Theseresultssuggest,ofcourse,thatlessfreesocietiesareonesinwhichthehealth
ofthepeopleisnotaprimeinvestmentforthegovernment,orinwhichotherfactorssuchas
internalstrife,revolu tions,andalackofpoliticalstabilityleadtopoliciesthatareever -
changingandproduceconditionsthatarenotconducivetogeneralwelfare,goodhealth,or
valuablehealthcare.Furthermore,countriesthatarenewlyindependentmayhaveawhole
hostofotherconcernswithwhichtodealatthepresentmomentbeforetheycanbegin
worryingabouthealthissues.Itislikelytruethattheyalsolackavailableresourcesto
devotetoconcernssuchashealthprograms.Whatevermightbeatplayunderneath these
results,itisclearthatpoliciesthatencouragepoliticalstability,civilliberties,andpolitical
freedomleadtoamorehealthysociety,byallowingacountrytobegintoinvestinitspeople
withouttheworriesofwar,revolution,etc.
Onefac torthatturnedouttobemuchmoresignificantthanexpectedwasthatof
locationwithinacountry(i.e.whetheronelivesinanurbanorruralarea).Someofthe
largestandmostdisturbingnumberswereseenwhenonelookedattheurban/ruraldisparity
withincountries.Ingeneral,thoseinurbanareasownmorebednets,and(asdiscussed
above)enjoygreateraccesstogoodsandservices.Andurbanareasreportconsistently
lowermalariaandfeverratesthanruralregions.Infact,giventhatruralare asarealreadyat
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greaterriskofdisease(duetothepoorerdrainageandlowerdegreeofaccesstogoodsand
services),itisunfortunatethatmorepoliciesdonotfocusonruralinhabitants.Tobesure,
anygoodandeffectiveprogramforbednetdistribu tion,drugtreatment,sanitation,etc.,must
takeintospecialconsiderationthoselivinginruralareas.
Ashasbeenalludedtoalreadyinthissection,thisreportalsoincludedaseriesof
regressionslookingatchildmortality,asopposedtomalariai ntensity.Thischoiceis
important,sincetheultimateendofanydiseaseeradicationeffortisthatofreducingdeaths.
Sincemalariamostafflictschildrenunderfive,lookingatchildmortalityratesisbeneficial
forformingpolicysuggestions.Asw ashoped,theresultsfromtheseregressionswerefor
themostpartconsistentwiththosethatusedmalariaintensityasthedependentvariable.
Theseresultsareencouraginginthattheysuggestthatthepolicyideasgainedfrom
regressionsonmalariain tensitywillalsoservetoreducedeaths.Mostsignificantin
reducingchildmortalitywereeducationfactors,degreesofpoliticalstability,andincome
measuressuchasGDPpercapitaandaiddollarspercapita.Perhapstheseareastake
precedenceind ecidingwhatpoliciesshouldreceivefundingandsupport.
Perhapsanotehereonemergingideasisalsoworthwhile.Itisevidentthatthis
projectseekslargelytopointoneinthedirectionofhelpfulpoliciesorinitiativesthatmay
beundertakento reducethemalariaburden,giventhesignificantfactorsreportedbythe
data.However,anewandgrowingbodyofliteraturehastakenadifferentapproachto
combatingdisease(indeed,tocombatingpovertyingeneral).Thisapproachisinlargepart
bornoutofenvironmentalconcernsaswellasculturalconcerns,andseekstobringthefocus
ofdevelopmentpoliciesbacktothelocalenvironment.Itisarguedthatpoliciesinitiated
from“theoutside”(e.g.thosethatdeliverfoodfromthedevelopedwor ld,orthosethatbring
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inoutsideexperts)mayhavedetrimentaleffectstothelocalagriculturalenvironmentaswell
asthelocalculturalenvironment.Thisnewapproacharguesthatmuchofthedisease
burdeninpoorcountriescomesasaresultofgener allylowhealthlevelsandpoorimmune
systemsthatallowdiseasessuchasmalariatoravageapopulation.Proponentsofthis
positionsuggestthatdiseaseandpovertyisbetterfoughtbyusinglocalresources,whichare
oftenmuchmorerichthantheoutsi deworldrealizes.Themethodfocusesonusinglocal
cropsthatare,inasense,“meant”togrowinaparticularcountry,asawaytopreservethe
fertilityofthelandaswellascreateamore“comfortable”policytolocalpeoples.The
policyalsostres sesemployingtheknowledgeoflocalpeople,especiallyknowledgeof
medicinalplants,etc.Allofthisisgearedtowardfosteringagenerallyhigherlevelofhealth
andlifeamongthepeoplebyusingtheirownresources.Theadvantage,ofcourse,istha t
suchanapproachisperhapsmoresustainableafterthe“outsideexperts”gohome. 15
Finally,thisprojectwouldberemissifitdidnotpointoutthenumberof
considerationsthathavebeenleftoutofthisdiscussion.Tobesure,theissuessurroundi ng
theeradicationofmalariaarecomplex,andmaybeviewfromanumberofangles,using
immensevarietiesofdata.Inmanyinstances,topicsleftoutofthisstudywerenotincluded
becauseofthedifficultyinfindingextensive,reliable,orotherwise usabledata.Further
investigationofthesub -SaharanAfricaeffecthasalreadybeendiscussedatlength.
However,itishopedthatthisprojectsparksaninteresttopursuesomeothertopicsfurther.
Eachdeservesacloselook.
15
ThoseinterestedinfurtherreadingonthisapproachmightturntoStaciaNordin’srecentarticle,“Malawiis
Nota‘PoorCountry’”inthe2002(X VII)issueof Praxis,theFletcherSchool’sJournalofInternational
Development.
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First,whileitistrue thatthemalariaparasitehasgrowninresistancetoanti -malarial
drugs,itisalsothecasethatsuchdrugsstillprovideanimportantlevelofprotectionagainst
thedisease.Indeed ,v isitorstomalarialcountriesfromthedevelopedworlddonotworry a
greatdealaboutmalaria,sincetheycaneasilyaffordasupplydrugstowardofftheparasite
foragivenperiodoftime.Drugssuchaschloroquine,however,arenotnecessarilycheap.
Asix -week’ssupplyofchloroquinecosts$30intheUnitedStates .Whilethatisa
reasonablepriceforthoseofuswithhighpercapitaincomes,drugscostsinthepoorer
countrieswheremalariaisendemiccouldputsuchneededmedicationoutofreachformost
people.Averyinterestingstudywouldcenterondrugpri cesandavailabilityinthe
developingworld.Lookingattheratioofthecostsofmedicationandhealthcaretoaverage
householdincomescouldyieldsomeinterestingconclusionsabouthowwefightmalaria.
Second,thehistoricalimportanceofpesticid essuchasDDTinreducingmosquito
populationsmaymeritacloserexamination.Includingvariablessuchaswhetherornota
governmenthasimposedDDTrestrictionsmightbehelpfulindeterminingthesignificance
ofpesticidestoananti -malariacampaign .Anothervariablethatwouldbeinstructiveis
somemeasureoftheresistanceofmosquitoestopesticidesinagivenarea.
Finally,themacrodatafromtheWorldBankandothersourcesallowsonetheability
toregresscurrentconditionsonpreviousyea rs’policies.Ifoneisinterestedininvestigating
morecloselythetimeeffectsofcertainpolicies,thismightbeagoodplacetostart.Changes
overtimeinthepastmayyieldimportantinsightsintopolicyoptionsforthefuture.
APPENDICES
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APPENDIX 1: REGRESSION TABLES
Thisappendixcontainstheempiricalresultsofregressionsrunonthecountry -level
andsurveydata.Manyofthesetablesarereferredtointheprecedinganalysis,butothers
areleftforthereadertostudyandinterp ret.Pleasealsorefertothefootnoteon page 29for
anexplanationofthemultipleestimationspresentedinmanyofthetables.
Fortheconvenienceofthereader,adoubleasterisk( **)hasbeentaggedtothose
variablessignificantatthe5%level.A lso,unlessotherwisenoted,theabsolutevalueofthe
t-statisticsappearsinparentheses.
Regressionsonthehouseholddatataketheformofprobabilityestimations,inwhich
thedependentvariableisadummy,andthecoefficientestimatescanbeinterp retedas
changesintheprobabilityof“success”(=1)inthedependentvariable.
Finally,pleaseseeAppendix2,below,foramoredetaileddescriptionofeachofthe
variablesthatappearinthesetables.
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Table1a .TheEffectofBasicCountryFactson MalariaIntensity
__________________________________________________________________________
(1) (2) (3) (4)
Countryisaformer -.019 -.019
colony (0.56) (0.57)
EUdummy .039 -.324** .023
(0.64) (3.07) (0.37)
Landlocked -.036 -.037
(0.90) (0.89)
LatinAmericadummy -.378** -.342**
(6.42) (5.75)
%Landwithin100km -.001 -.004** -.001
ofcoastorriver (1.93) (4.23) (1.83)
Sub-SaharanAfricadummy .352** .394**
(5.86) (6.54)
SouthAsiadummy -.072 -.125
(0.84) (1.44)
SouthernHemisphere -.050 -.060
dummy (1.11) (1.29)
%Landin .217**
geographicaltropics (2.90)
%Landin .369** .533**
climaticsubtropics (4.27) (7.94)
%Landin .343** .548**
climatictropics (3.25) (6.76)
Constantterm .053 .324 .454 .066
(1.16) (9.37) (9.03) (1.42)
Observations 122 149 149 122
R2 0.85 0.06 0.11 0.84
__________________________________________________________________________
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Table2a .TheEffectofClimaticRegionsonMalariaIntensity
__________________________________________________________________________
%Landinclimatic .078 %Landinclimatic .256
Temperatedesert (0.31) Tropical/subtropicaldesert (1.43)
%Landinclimatic .059 %Landinpolarregion .327
Drytemperateregion (0.28) (0.51)
%Landinclimatic .682** %Landinclimatic .945**
Subtropics (3.84) Tropics (5.24)
%Landinclimatic .114 Constantterm -.120
Wettemperateregion (0.61) (0.76)
N=148;R 2=0.53
__________________________________________________________________________
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Table3a .TheEffectofHealthFactorsonMalariaIntensity
__________________________________________________________________________
HealthExpenditure -.0002 TotalHealthExpenditure -.052**
percapita(US$) (0.74) (%ofGDP) (2.32)
DPTimmunizationrate -.006 Measlesimmunizationrate -.005
(%childrenunder12) (1.21) (%chil drenunder12) (0.90)
Constantterm 1.45
(8.23)
N=67;R 2=0.41
__________________________________________________________________________
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Table4a .TheEffectofEducationFactorsonMalariaIntensity
__________________________________________________________________________
(1) (2) (3)
Dailynewspapers .0004 .001
per1,000people (0.23) (1.22)
Governmented.expend. -.0007
(primaryschool,perpupil,1990) (1.14)
Governmented.expend. -.0004 -.0002**
(secondary,perpupil,1990) (0.15) (4.52)
Illiteracyrate -.003 .002
(Totaladultpop.) (0.87) (0.76)
Radiosper1,000 -.001 .0001
people (1.92) (1.16)
Tertiaryschoolenrollment -.017 -.030**
(%Gross) (1.72) (3.97)
Televisionsper1,000 -.002 -.001
people (1.02) (1.78)
Constantterm 1.25 .703 .470
(5.77) (5.37) (7.82)
Observations 34 72 70
R2 0.66 0.49 0.23
__________________________________________________________________________
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Table5a .TheEffectofPoliticalVariablesonMalariaIntensity
__________________________________________________________________________
(1) (2) (3) (4)
Numberofassassinations .059 .014
permillionpop. peryear (0.15) (0.04)
Countryaformercolony .201** .213** .064 .061
(2.74) (2.88) (0.86) (0.83)
Civillibertiesscore .147** .152** .062** .059**
(FreedomHouse,1 -7)16 (2.23) (2.28) (2.57) (2.59)
Timingofindependence 17 .121** .091** .063 .063
(2.83) (2.28) (1.71) (1.72)
Politicalrightsscore -.051 -.044
(FreedomHouse,1 -7) (0.98) (0.84)
Numberofrevolutions -.147 -.146
andcoupsperyear (0.96) (0.94)
Socialisteconomicsystem -.179 -.378**
dummy (1.25) (4.12)
Transitioneconomy -.314
dummy (1.79)
Hadanexternalwar -.146 -.103 -.035
(1960-1985) (1.39) (0.99) (0.38)
Constantterm -.178 -.191 -.064 -.060
(1.70) (1.80) (0.68) (0.64)
Observations 79 79 119 120
R2 0.47 0.44 0.14 0.14
__________________________________________________________________________
16
Onebeingthehighestlevelofcivilliberties,and7beingtheleastamountofliberty
17
(0=before1914,1=between1914and1945,2=between1946and1989,3=after1989)
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Table6a .TheEffectofAid,Income,andTradeonMalariaIntensity
__________________________________________________________________________
(1) (2)
Aidpercapita(US$) .0004 .003**
(0.25) (2.82)
Kilometerstoclosestmajorport .00004 .0001**
(1.39) (3.17)
GDPpercapita(1995) -.0001** -.0001**
(4.50) (4.49)
Ratioofrealgovernment .450
expendituretorealGDP (0.71)
Trade(as%ofGDP) .001
(0.14)
Constantterm -.525 .212
(2.46) (1.74)
Observations 42 87
R2 0.47 0.38
__________________________________________________________________________
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Table7a .TheEffectofPopulationDynamicsonMalariaIntensity
__________________________________________________________________________
(1) (2) (3)
Coastalpopulationdensity .001 .001** .001**
(peopleperkm 2) (1.09) (2.32) (2.30)
Inlandpopulationdensity -.0003
(peopleperkm 2) (0.65)
Averagepopulationdensity -.001 -.001** -.001**
(peopleperkm 2) (1.18) (2.52) (2.50)
Populationin1995 -.0004 -.001** -.001**
(1.61) (2.58) (2.61)
%Populationwithin100km .002
ofcoastorriver (1.47)
Ruralpeopleperkm 2 .00002 .00004
(0.72) (1.05)
%Populationin .616** .526** .502**
geographicaltropics (4.95) (4.74) (4.62)
%Populationurban(1995) -.010** -.010** -.010**
(5.11) (5.00) (5.39)
Constantterm .574 .672 .724
(3.75) (4.89) (5.64)
Observations 84 84 84
R2 0.60 0.59 0.58
__________________________________________________________________________
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Table8a .TheEffectofInfrastructureonMalariaIntensity
__________________________________________________________________________
(1) (2) (3)
Dailynewspapersper -.0004
1,000people (0.25)
Radiosper1,000people -.00001 -.00002
(0.27) (0.29)
%Roadspaved -.004** -.004** -.007**
(2.12) (2.11) (4.65)
Telephonemainlinesper -.0005 -.001
1,000people (0.28) (0.78)
Televisionsper1,000people -.001 -.001
(0.97) (1.06)
Vehiclesper1,000people -.002 -.002
(0.88) (0.98)
Constantterm .787 .777 .708
(10.87) (11.58) (10.97)
Observations 70 75 79
R2 0.37 0.38 0.22
__________________________________________________________________________
62
Table9a .CombinedEffectsonMalariaIntensity
__________________________________________________________________________
(1) (2) (3) (4)
LatinAmericadummy -.169 -.180
(0.77) (0.96)
Sub-SaharanAfricadummy .273** -.240** .334**
(2.14) (2.37) (4.30)
%Landinclimatictropics .333** .321** .377** .432**
(2.36) (2.56) (3.29) (2.26)
Totalhealthexpenditure -.031 -.015 -.020 -.014
(as%GDP) (1.37) (0.81) (1.22) (0.51)
Governmented.expend,1990 .0002
(Secondaryschool,perpupil) (0.75)
Schoolenrollment,tertiary -.005 -.006 -.001
(%Gross) (0.75) (1.18) (0.18)
Civillibertiesscore( 1-7) .049 .071**
(1.38) (2.63)
Timingofindependence -.004 .030 .288**
(0.06) (0.48) (3.91)
GDPpercapita,1995 -6.17e-06 -2.81e-06 7.05e-06
(0.28) (0.18) (0.48)
Aidpercapita(US$) .0004 -.0003
(0.29) (0.21)
Kilometerstonearestmajorport -.00001 -.00002 .00004
(0.40) (0.78) (1.29)
%Populationingeographical .008
tropics (0.06)
%Populationurban,1995 -.001 -.0024 -.005**
(0.31) (0.85) (2.18)
AveragePopulationdensity -.001**
(peopleperkm 2) (3.49)
Illiteracyrate(totaladultpop.) -.001
(0.56)
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%Roadspaved -.003 -.004** -.003** -.010**
(1.17) (2.27) (2.06) (2.51)
Observations 58 64 64 30
R2 0.71 0.72 0.72 0.77
__________________________________________________________________________
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Table1b .TheEffectofBasicCountryFactsonChildMortality 18
__________________________________________________________________________
(1) (2) (3) (4)
Countryisaf ormer -1.25 -1.04
colony (0.15) (0.13)
EUdummy -18.88 -33.04** -20.68
(1.31) (2.84) (1.42)
Landlocked 14.22 7.01 14.13
(1.46) (0.51) (1.43)
LatinAmericadummy -10.15 7.59 -3.22
(0.68) (0.70) (0.22)
%Landwithin100km -.254 -.872** -.254
ofcoastorriver (1.95) (5.52) (1.93)
Sub-SaharanAfricadummy 103.57** 130.65** 110.85**
(6.85) (14.03) (7.51)
SouthAsiadummy 46.46** 48.99** 38.37
(2.25) (2.55) (1.88)
SouthernHemisphere -15.37 -21.08** -16.65
dummy (1.43) (2.17) (1.54)
%Landin 36.12
geographicaltropics (1.84)
%Landin -9.76 17.02
climaticsubtropics (0.44) (1.01)
%Landin -4.24 30.79
climatictropics (0.16) (1.59)
Constantterm 42.46 39.61 107.17 43.86
(3.92) (7.43) (10.25) (4.02)
Observations 115 141 141 115
R2 0.74 0.67 0.23 0.73
__________________________________________________________________________
18Dataonchildmortalityratesismeasuredasthenumberofdeathsofchildrenunder5,per1,000livebirths.
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Table2b .TheEffectofClimatic RegionsonChildMortality
__________________________________________________________________________
%Landinclimatic 94.12 %Landinclimatic 87.26**
Temperatedesert (1.76) Tropical/subtropicaldesert (2.17)
%Landinclimatic 50.30 %Land inpolarregion 111.58
Drytemperateregion (1.09) (0.81)
%Landinclimatic 112.8** %Landinclimatic 160.39**
Subtropics (2.80) Tropics (3.96)
%Landinclimatic 24.74 Constantterm -12.96
Wettemperateregion (0.59) (0.36)
N=140;R 2=0.36
__________________________________________________________________________
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Table3b .TheEffectofHealthFactorsonChildMortality
__________________________________________________________________________
HealthExpenditure -.044 TotalHealthExpenditure -4.43
percapita(US$) (1.35) (%ofGDP) (1.52)
DPTimmunizationrate -1.75** Measlesimmunizationrate -.334
(%childrenunder12) (2.31) (%childrenunder12) (0.39)
Constantterm 262.7
(11.37)
N= 70;R 2=0.55
__________________________________________________________________________
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Table4b .TheEffectofEducationFactorsonChildMortality
__________________________________________________________________________
(1) (2) (3) (4)
Dailynewspapers -.096
per1,000people (0.30)
Governmented.expend. -.195** -.109** -.163** -.003
(primaryschool,perpupil,1990) (2.22) (2.06) (2.57) (0.90)
Governmented.expend. .0177
(secondary,perpupil,1990) (0.48)
Publiceducationspending 3.52
(%ofGDP) (0.88)
Pupil-teacherratio(primary) 1.87** .972 2.79**
(3.53) (1.84) (8.46)
Illiteracyrate .669
(Totaladultpop.) (1.32)
Radiosper1,000 -.065
people (1.20)
Tertiaryschoolenrollment -1.17 -1.62 -2.89**
(%Gross) (0.98) (1.94) (2.95)
Televisionsper1,000 -.088
people (0.48)
Constantterm 139.83 37.05 112.66 -23.97
(5.14) (1.09) (3.61) (1.83)
Observations 32 29 40 79
R2 0.76 0.74 0.64 0.60
__________________________________________________________________________
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Table5b .TheEffectofPoliticalVariablesonChildMortality
__________________________________________________________________________
(1) (2)
Numberofassassinations -24.52
permillionpop.peryear (0.37)
Countryaformercolony 29.04** 24.84**
(2.33) (2.08)
Civillibertiesscore 29.63** 28.34**
(FreedomHouse,1 -7)19 (2.79) (2.99)
Timingofindependence 20 21.91** 22.28**
(3.02) (3.40)
Politicalrightsscore -12.37 -10.54
(FreedomHouse,1 -7) (1.50) (1.40)
Numberofrevolutions -2.40 7.03
andcoupsperyear (0.10) (0.31)
Socialisteconomicsyst em -13.76 17.78
dummy (0.56) (0.88)
Transitioneconomy -68.75** -95.23**
dummy (2.28) (3.65)
Hadanexternalwar -16.22 -16.39
(1960-1985) (0.91) (1.01)
Constantterm -13.84 -22.01
(0.77) (1.32)
Observations 78 91
R2 0.47 0.47
__________________________________________________________________________
19
Onebeingthehighestlevelofcivilliberties,and7beingtheleastamountofliberty
20
(0=before1914,1=between1914and1945,2=between19 46and1989,3=after1989)
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Table6b .TheEffectofAid,Income,andTradeonChildMortality
__________________________________________________________________________
(1) (2)
Aidpercapita(US$) .358 .418**
(1.85) (2.66)
Kilometerstoclosestmajorport .006 .0091**
(1.59) (2.96)
GDPpercapita(1995) -.017** -.013**
(5.52) (7.02)
Ratioofr ealgovernment 113.32
expendituretorealGDP (1.50)
Trade(as%ofGDP) -.567
(0.70)
Constantterm 109.05 83.09
(4.28) (4.57)
Observations 42 84
R2 0.65 0.51
__________________________________________________________________________
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Table7b .TheEffectofPopulationDynamicsonChildMortality
__________________________________________________________________________
(1) (2)
Coastalpopulationdensity .003 .027
(peopleperkm 2) (0.03) (0.32)
Inlandpopulationdensity -.015
(peopleperkm 2) (0.23)
Averagepopulationdensity -.053 -.079
(peopleperkm 2) (0.49) (0.95)
Populationin1995 -.037 -.045
(0.86) (1.19)
%Populationwithin100km .087
ofcoastorriver (0.38)
Ruralpeopleperkm 2 -.010 -.009
(1.62) (1.61)
%Populationin 83.67** 79.65**
geographicaltropics (4.10) (4.48)
%Populationurban(1995) -1.75** -1.74**
(5.37) (5.45)
Constantterm 148.71 152.99
(5.85) (6.89)
Observations 80 80
R2 0.62 0.62
__________________________________________________________________________
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Table8b .TheEffectofInfrastructureonChildMortality
__________________________________________________________________________
(1) (2)
Dailynewspapersper -.114
1,000people (0.40)
Radiosper1,000people .0024
(0.26)
%Roadspaved -.723** -.666**
(2.38) (2.79)
Telephonem ainlinesper .044
1,000people (0.16)
Televisionsper1,000people -.238** -.309**
(2.42) (5.11)
Vehiclesper1,000people -.418
(1.52)
Constantterm 166.76 148.98
(15.22) (16.31)
Observations 68 84
R2 0.54 0.42
__________________________________________________________________________
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Table9b .CombinedEffectsonChildMortality
__________________________________________________________________________
(1) (2) (3)
LatinAmericadummy -5.36 -37.56
(0.26) (1.81)
Sub-SaharanAfricadummy 38.09** 50.02**
(2.99) (4.18)
Pupil-teacherratio(primary) .485
(1.12)
%Landinclimatictropics -24.78 -20.29 -6.68
(1.87) (1.42) (0.40)
Totalhealthexpenditure -1.88 -.435 -2.67
(as%GDP) (0.89) (0.20) (1.01)
Civillibertiesscore(1 -7) 1.05
(0.32)
Timingofindependence .383 -9.18 5.66
(0.05) (1.29) (0.90)
GDPpercapita,1995 -.0038 -.005**
(1.89) (2.50)
Aidpercapita(US$) .060 .029
(0.49) (0.21)
Kilometerstonearestmajorport -.001 -.001 .0048
(0.36) (0.38) (1.66)
%Populationingeographical 48.85**
tropics (3.35)
%Populationurban,1995 .068 .224 -.627**
(0.22) (0.77) (2.05)
AveragePopulationdensity -.103**
(peopleperkm 2) (3.07)
Illiteracyrate(totaladultpop.) 1.21** 1.15** 1.61**
(5.98) (5.00) (5.84)
%Roadspaved -.028 -.380 -.476**
(0.13) (1.80) (2.23)
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Observations 54 57 51
R2 0.90 0.86 0.81
__________________________________________________________________________
74
Table11 .TheLikelihoodofFever,Benin(200 1)21
__________________________________________________________________________
Literacy22 -.063** Age .001
(4.45) (1.47)
Receiveddiphtheria .086** Haveabednet -.064**
vaccination (3.72) forsleeping (3.46)
Dwellinghas .152** Urban/rural -.063**
screenedwindows (2.35) (0=rural;1=urban) (3.10)
N=3,210;PseudoR 2=0.02
__________________________________________________________________________
21
Dependentvariableisbinary:1=Respondentreportedhavingafeverinthepast2weeks.
22
0=Can’treadatall;1=Abletoreadpartsofasentence;2=Abletoreadentiresentence
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Table12 .TheLikelihoodofFever,Brazil
_________________________________________________________________________________________
(1) (2)
Numberofchildren .0157
under5inhome (1.44)
Typeoftoiletfacility .006
(1.77)
Typeoftoiletfacilitysquared 23 .0013**
(2.97)
Sourceofdrinkingwater -.006
(0.76)
Literacy -.007
(0.56)
Highestyearofeducation -.008
(1.77)
Ageofrespondent -.003**
(2.06)
Observations 3193 3577
PseudoR 2 .0044 .0021
__________________________________________________________________________
23
Seethedescriptionof“toiletfacility”variab leinAppendix2.Thesquaredtermwasaddedinanattemptto
accountfortheincreasinglyworseconditionsasonemovesfromoncategoryofsanitaryfacilitytoanother.
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Table13 .TheLikelihoodofFever,Colombia
__________________________________________________________________________
(1) (2)
Numberofhouseholdmembers .003
(0.64)
Literacy .043** .031
(2.19) (1.80)
Highestyearofeducation .005
(0.60)
Ageofrespondent -.002
(1.43)
Receiveddiphtheria .102**
vaccination (3.01)
Havebednetforsleeping .035
(1.37)
Urban/rural -.045
(0=rural;1=urban) (1.89)
Observations 1,203 1,425
PseudoR 2 0.005 0.01
__________________________________________________________________________
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APPENDIX 2:D ATA DICTIONARY
DEPENDENT VARIABLES
Childmortality: Numberofdeathsannuallyinchildrenunder5,measuredper1,000live
births.CompiledfromtheWorldBankonlinedatabaseofcountryindicators.
Feverprevalence: AquestionthatappearsinafewdifferentformsintheDHSandLSMS
householdsurveys. Onequestionasks,“Haveyouhadafeverinthepasttwoweeks?”
Theresponsestothisquestion,then,constituteadummy,where1=yes,hadafever.The
otherformofthequestionis“Haveyouhadanillnessorinjuryinthepastfourweeks?”
Possibler esponsesincludedinjuryonly,illnessonly,both,ordon’tknow.Thisvariable
wasrecastasadummy,wherepositiveresponsesincludeonlythosepeoplereporting
illness.
Malariaintensity: ConstructedbySachsandGallup,thisvariablecombinesgeograp hical
informationsystems(GIS)dataonthepercentoflandsubjecttomalariawithameasure
oftheproportionofmalariacasesthatareofthe falciparum type(themostdeadlyand
resistantstrainofthemalariaparasite).Themalariaintensityindexis measuredona0
to1scale,with1beingthemostintense.
BASIC COUNTRY FACTS
Countryisaformercolony: Basicdummyvariable,where1=yes,countrywasformerlya
colony.
EUdummy: BinaryvariableforlocationintheEuropeanUnion.
Landlocked:Dummyv ariableequalto1ifcountryislandlocked.
%Landinclimatictropics: Percentageoflandinacountrythatexperiencesatropical
climate,whetherwithinthegeographicaltropicsornot.Thisisperhapsabettermeasure
whenthinkingaboutmalaria,asm osquitoescaremoreaboutclimatethanlatitude.
Measuredasadecimal.
%Landingeographicaltropics: Percentageoflandinacountrythatlieswithinthebounds
ofthegeographicaltropics —lyingbetweentheTropicofCapricornandtheTropicof
Cancer. Measuredasadecimalvalue.
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%Landwithin100kmofcoastorriver: Thepercentageoflandinacountrythatlies
within100kilometersofthecoastoranavigableriver.Usedasameasureofopenness
totradeordegreeofaccesstotrade.Measuredasa percent,notasadecimal.
LatinAmericadummy: Dummyequalto1ifcountryislocatedinLatinAmerica
SouthAsiadummy: DummyforlocationinSouthAsia
SouthernHemispheredummy: DummyforlocationinSouthernHemisphere.
Sub-SaharanAfricadummy: Bina ryvariableforlocationinsub -SaharanAfrica.
CLIMATE
%Landinclimatictemperatedesert,drytemperateregion,subtropics,wettemperate
region,tropical/subtropicaldesert,polarregion,climatictropics: Eachvariable
measurespercentageoflandina countrythatexperienceseachofthevariousclimates,
respectively,regardlessofgeographicallocation.Measuredasadecimal.
DEMOGRAPHICS
Ageofrespondent: Currentageofthepersonrespondingtosurveyquestions.
#Childrenunder5: Thenumberofc hildrenundertheageof5livingintheparticular
householdbeingdocumentedinthesurvey.
#Householdmembers: Numberofpeoplelivinginthehouseholdbeingquestionedinthe
survey.
Population,1995: Totalpopulationofacountryin1995.
Populationd ensity,average: Averagenumberofpeopleperkm 2.
Populationdensity,coastal: Averagenumberofpeopleperkm 2alongthecoast.
Populationdensity,inland: Averagenumberofpeopleperkm 2inland.
%Popingeographicaltropics: Percentofpeoplelivingin thetropics,asdefined
geographically(locationbetweentheTropicsofCapricornandCancer).Measuredasa
decimal.
%Popurban(1995): Thepercentofacountry’spopulationlivinginanurbanareain1995.
Expressedasapercent,notadecimal.
%Popw ithin100kmofcoastorriver: Percentofpeoplewholivewithin100kilometers
ofthecoastoranavigableriver.Expressedasapercent,notadecimal.
Ruralpeople: Numberofpeoplelivinginruralareaperkm 2.
79
Urban/rural:Dummyequalto1ifperson livesinanurbanarea.
EDUCATION
Governmenteducationexpenditure,primary: Realgovernmentcurrenteducational
expenditureperpupilinprimaryschool.ExpressedinUSD.
Governmenteducationexpenditure,secondary: Realgovernmentcurrenteducational
expenditureperpupilinsecondaryschool.ExpressedinUSD.
Highestyearofeducation :Reportsthehighestyearofeducationattainedbythe
respondent.
Illiteracyrate: Percentageofadultswhoareilliterate,measuredasapercent,notadecimal.
Literacy: Usedinthehouseholdandindividualsurveys,thisvariabletakesonavaluefrom
0to2,where0=cannotreadatall,1=abletoreadpartsofasentence,2=abletoread
wholesentence.
Newspapers:Numberofdailynewspapersavailableper1,000pe ople.
Pupil-teacherratio: Averagenumberofstudentsperteacherinprimaryschool.
Radios:Numberofradiosper1,000people.
Televisions:Numberoftelevisionsper1,000people.
Tertiaryschoolenrollment:Enrollmentintertiaryschool,asapercentof grossenrollment.
Reportedasadecimal.
HEALTH
Bednetforsleeping: Dummyvariableequalto1ifrespondenthasabednetunderwhichto
sleep.
HealthExpenditurepercapita: Governmenthealthexpenditurepercapita,measuredin
USdollars(USD).
Health Expenditure,total: Totalgovernmenthealthexpenditure,asapercentofGDP.
Measuredasapercent,notadecimal.
Immunizationrate,DPT: Thepercentofchildrenunder12whohavereceivedtheDPT
immunization.Measuredasapercent,notadecimal.
Immunizationrate,measles:Thepercentofchildrenunder12whohavereceivedthe
measlesimmunization.Measuredasapercent,notadecimal.
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Receiveddiphtheriavaccination: Dummyvariableequalto1ifthepersonhasreceivedthe
diphtheriavaccination.
Screenedwindows: Dummyvariableequalto1ifhomeordwellinghasscreensonthe
windows.
Sourceofdrinkingwater: Variabletakesonthefollowingvalues:1=bottledwater,
2=pipedintoresidence,3=pipedintoyard,4=well/springinsidehome,5=well/sprin g
outsidehome.
Typeoftoiletfacility: Variabletakesonthefollowingvalues:1=toilettosewer,2=toiletto
openspace,3=toilettoriver/lake,4=latrinetosewer,5=latrinenotconnected,
6=traditionallatrine,7=nofacility.
INCOME
Aidpercapita: A mountofforeignaidinflowspercapita,measuredinUSD.
GDPpercapita: MeasuredinUSD
Kilometerstoclosestmajorport: Distance,inkilometers,totheclosestmajorport —used
tomeasuredegreeofaccesstotrade.
Ratioofrealgovernmentexpendituret orealGDP: Givestotalrealgovernment
expenditureasapercentofrealGDP.
Trade:AmountoftradeasapercentageofGDP.Expressedasapercent,notadecimal.
INFRASTRUCTURE
Newspapers:Numberofdailynewspapersavailableper1,000people.
Radios:N umberofradiosper1,000people.
%Roadspaved: Percentofroadsthatarepavedinacountry.Expressedasapercent,nota
decimal.
Telephonelines: Numberoftelephonemainlinesper1,000people.
Televisions:Numberoftelevisionsper1,000people.
Vehicles:Numberofvehiclesper1,000people.
POLITICS
Assassinations:FromRobertBarrodataset --reportsthenumberofassassinationsper
millionpopulationperyearinagivencountry.
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Civilliberties: FromFreedomHouse“FreedomintheWorld”annualrepor t.Assessesthe
extentofcivillibertiesinacountrybasedonanumberoffactors(cf.
www.freedomhouse.org).Reportedona1to7scale,with1beingthehighestamount
ofliberty,andsevenbeingthelowest.
ExternalWar: Dummyequalto1ifthecou ntryengagedinanexternalwaranytime
between1960and1985.
Formercolony: Dummyvariableequalto1ifcountrywasacolony.
Politicalrights: FromFreedomHouse“FreedomintheWorld”annualreport.Assessesthe
extentofpoliticalrightsinacountr ybasedonanumberoffactors(cf.www.
freedomhouse.org).Reportedona1to7scale,with1beingthemostfree,andseven
beingtheleastfree.
Revolutionsandcoups: Numberofrevolutionsandcoupsinacountryperyear,averaged
overtheperiod,196 0-84.
Socialisteconomicsystemdummy: Binaryvariableequalto1ifthecountryeveroperated
asasocialisteconomybetween1950and1995.
Timingofindependence: Avariablewhichtakesonfourvalues,0 -4,basedonwhenthe
countrygaineditsindependen ce;0=before1914,1=between1914and1945,2=between
1946and1989,3=after1989.
Transitioneconomydummy: Binaryequalto1forthe“transition”economiesofEastern
Europe.
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APPENDIX 3: COUNTRIES USED IN MACRO ANALYSIS
Afghanistan
Albania
Algeria
AmericanSamoa
Andorra
Angola
Antigua&Barbuda
AntiguaandBarbuda
Argentina
Armenia
Aruba
Australia
Austria
Azerbaijan
Bahamas
Bahamas
Bahrain
Bangladesh
Barbados
Belarus
Belgium
Belize
Benin
Bermuda
Bhutan
Bolivia
Bosnia-Herzegovina
Botswana
Brazil
Brunei
Bulgaria
BurkinaFaso
Burundi
Cambodia
Cameroon
Canada
CapeVerde
CaymanIslands
CentralAfricanRepublic
Chad
ChannelIslands
Chile
China
Colombia
Comoros
Congo
Congo,Dem.Rep.
Congo,Rep.
CostaRica
Coted'Ivoire
Croatia
Cuba
Cyprus
Cyprus,G
Cyprus, T
CzechRepublic
Czechoslovakia
Denmark
Djibouti
Dominica
DominicanRepublic
EastAsia&Pacific
EastTimor
Ecuador
Egypt
ElSalvador
EquatorialGuinea
Eritrea
Estonia
Ethiopia
Europe&CentralAsia
EuropeanMonetaryUnion
FaeroeIslands
Fiji
Finland
France
FrenchGuiana
FrenchPolynesia
Gabon
Gambia
Georgia
Germany
Germany,East
Germany,West
Ghana
Gibraltar
Greece
Greenland
Grenada
Guadeloupe
Guam
Guatemala
Guinea
Guinea-Bissau
Guyana
Haiti
Honduras
HongKong
Hungary
Iceland
India
Indonesia
Iran
Iraq
Ireland
IsleOfMan
Israel
Italy
Jamaica
Japan
Jordan
Kazakhstan
Kenya
Kiribati
Korea
Korea,Dem.Rep.
Korea,Rep.
Kuwait
KyrgyzRepublic
Kyrgyzstan
Laos
LatinAmerica&Caribbean
Latvia
Lebanon
Lesotho
Liberia
Libya
Liechtenstein
Lithuania
Luxembourg
Macao
Macedonia
Madagascar
Malawi
Malaysia
Maldives
Mali
Malta
MarshallIslands
Martinique
Mauritania
Mauritius
Mayotte
Mexico
Micronesia
MiddleEast&NorthAfrica
Middleincome
Moldova
Monaco
Mongolia
Montenegro
Morocco
Mozambique
Myanmar
Namibia
Nauru
Nepal
Netherlands
NetherlandsAntilles
NewCaledonia
NewZealand
Nicaragua
Niger
Nigeria
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NorthernMarianaIslands
Norway
Oman
Pakistan
Palau
Panama
PapuaNewGuinea
Paraguay
Peru
Philippines
Poland
Portugal
PuertoRico
Qatar
Reunion
Romania
Russia
Rwanda
Samoa
San Marino
SaoTomeandPrincipe
SaudiArabia
Senegal
Serbia
Seychelles
SierraLeone
Singapore
SlovakRepublic
Slovakia
Slovenia
SolomonIslands
Somalia
SouthAfrica
SouthAsia
Spain
SriLanka
St.Kitts&Nevis
St.Lucia
St.Vincent&Grenadines
Sub-SaharanAf rica
Sudan
Suriname
Swaziland
Sweden
Switzerland
Syria
Syrian
Taiwan
Tajikistan
Tanzania
Thailand
Togo
Tonga
Trinidad&Tobago
Tunisia
Turkey
Turkmenistan
Tuvalu
USSR
Uganda
Ukraine
UnitedArabEmirates
UnitedKingdom
UnitedStates
Uppermiddleincome
Uruguay
Uzbekistan
Vanuatu
Venezuela
Venezuela,RB
Vietnam
Vietnam,N.
Vietnam,S.
VirginIslands(U.S.)
WestBankandGaza
WesternSahara
WesternSamoa
World
Yemen
Yemen,N.
Yemen,S.
Yugoslavia
Zambia
Zimbabwe
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